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SUMMARY

AeroMobile Communications Limited (“AeroMobile”) appreciates the opportunity to
submit comments in response to the notice of proposed rulemaking (“NPRM”) in which the
Federal Communications Commission (“FCC” or “Commission”) seeks comment on proposed
rules to facilitate the introduction of in-flight mobile connectivity (“IMC”) onboard U.S.-
registered aircraft and foreign-registered aircraft traversing U.S. airspace. AeroMobile strongly
supports the Commission’s initiative to permit IMC operations in the United States. U.S. airlines
and the U.S. traveling public would benefit significantly from access to mobile broadband
applications available elsewhere today.

A properly structured regulatory regime will facilitate expeditious access to existing IMC
applications and promote further innovation in IMC offerings, which would expand access to
mobile broadband connectivity to U.S. consumers. The NPRM offers a useful foundation to
achieve these important objectives. As discussed herein, AeroMobile believes that the
Commission should adopt an IMC regulatory regime that:

Q) provides airlines the choice to offer IMC as an in-flight connectivity option and

the flexibility to enable the specific IMC applications that best suit their

passengers’ needs;

(i) permits IMC to operate as a roaming service through partner wireless carriers, as
it does today, while allowing for other possible commercial implementations;

(iii)  ensures compatibility with co-frequency systems and services through adoption of
existing IMC standards, while allowing for the development of additional
standards for the U.S. domestic market;

(iv)  provides expeditious access to in-flight mobile broadband connectivity to the
broadest range of passengers possible; and

(v) accounts fully for the unique international commercial aviation context in which
IMC is offered.



AeroMobile respectfully suggests that the most appropriate means for the Commission to
achieve these objectives is to adopt a license-exempt/unlicensed approach for IMC equipment
installed and operated onboard U.S. and foreign aircraft, which is similar to the approach
adopted by Ofcom in the United Kingdom and adopted in many other nations throughout the
world. The Commission may also supplement this approach with Part 87 aircraft station
licensing for U.S.-registered aircraft to ensure that authority to operate IMC equipment is
expressly established for aircraft that travel outside the United States.

Because IMC equipment operates at very low power on an unprotected, non-interference
basis pursuant to uniform technical standards, and there is no discretion to operate the equipment
in any other manner (e.g., at higher powers, different frequencies, etc.), such equipment is an
excellent candidate for license exemption/unlicensed operation. This approach also avoids a
number of complex issues that may impede the introduction of IMC in the United States,
including: (i) licensing IMC operations on spectrum that may be licensed to others; (ii) licensing
or re-licensing equipment installed and operated onboard foreign aircraft; (iii) developing
separate service rules that may be unnecessary in the context of IMC roaming services; and (iv)
authorizing IMC operations on spectrum that may not be appropriately allocated for commercial
operations.

At the end of the day, this proceeding is about enabling IMC in the United States using
technology that has proven to be compatible with other systems and services throughout the
world after years of real-world experience; and affording U.S. airlines and foreign airlines
operating in U.S. airspace the choice to offer such IMC applications to their passengers.

AeroMobile believes this is possible through a license exempt/unlicensed approach and looks



forward to working with the Commission and interested parties to address fully the technical and

regulatory issues associated with introduction of IMC in the United States.
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AeroMobile  Communications Limited (“AeroMobile”) respectfully submits these
comments in response to the Notice of Proposed Rulemaking (“NPRM”) in which the Federal
Communications Commission (“FCC” or “Commission”) seeks comment on revising its rules to
facilitate the introduction of in-flight mobile connectivity (“IMC”) onboard U.S.-registered
aircraft and foreign-registered aircraft traversing U.S. airspace.” Specifically, the FCC proposes
to eliminate existing restrictions on in-flight use of mobile devices and adopted new rules that
permit aircraft operators to offer IMC applications via airborne access systems (“AASs”)
designed to ensure compatibility with co-frequency systems and services.

AeroMobile strongly supports the Commission’s initiative to permit IMC operations in
the United States. U.S. airlines and the traveling public would benefit from access to mobile
broadband applications available elsewhere today, and foreign airlines, which serve many U.S.
passengers, would no longer have to suspend IMC operations upon entering U.S. airspace. The

Commission can achieve these important objectives while protecting other systems and services

! In the Matter of Expanding Access to Mobile Wireless Services Onboard Aircraft, WT Docket
No. 13-301, Notice of Proposed Rulemaking, FCC 13-157 (rel. Dec. 13, 2013) (“NPRM”).,



from harmful interference and improving the spectrum environment for terrestrial wireless
networks.

l. INTRODUCTION

AeroMobile, a U.K.-based company jointly owned by Panasonic Avionics Corporation
and the Telenor Group, has developed technology that enables aircraft passengers and crew to
use their own mobile devices for voice, text and data applications while in flight. AeroMobile’s
onboard IMC system connects mobile devices within the aircraft cabin to the aircraft’s off-board
communications link using a low power picocell and prevents interference from onboard mobile
devices to terrestrial networks through a range of radiofrequency management techniques.

AeroMobile’s IMC solution currently operates on a large and increasing number of
commercial aircraft throughout Europe, Asia, Africa, the Middle East, Oceania and the Americas
pursuant to harmonized global standards; and has been certified by the Federal Aviation
Administration (“FAA”) and the European Aviation Safety Agency (“EASA”) for use on U.S.
and European aircraft, respectively. However, AeroMobile’s IMC solution is currently not
offered by U.S. airlines, and IMC operations are suspended onboard equipped foreign aircraft
while traversing U.S. airspace.

AeroMobile has extensive experience with communications and aviation regulatory
issues supporting IMC operations around the world and appreciates the foundation laid by the
Commission in the NPRM. The general approach and many principles proposed in the NPRM
provide a useful foundation to build a comprehensive IMC regulatory regime; and the record
developed in this proceeding, including review of the authorization approaches of countries and
technical standards adopted to facilitate IMC operations, will permit expeditious adoption of

rules governing IMC in the United States.



1. BACKGROUND

In examining technical and regulatory approaches to facilitate IMC in the United States,
it is important to consider current the commercial and operational implementation of IMC
offerings. Current IMC implementations, including existing international standards and the roles
of various IMC participants, have informed global regulatory approaches and should help guide
decision-making in the United States.

The Commission has a unique opportunity to expeditiously bring the benefits of IMC to
U.S. airlines and the public based on years of operational experience with IMC internationally.
While adopted rules should not constrain the development of alternative IMC approaches, the
Commission should consider existing IMC operational approaches when developing a U.S.
regulatory regime. Moreover, while the FCC must address U.S.-specific issues, it should also
take advantage of work done in other jurisdictions to the extent they relate to spectrum and
equipment that can be used for IMC in U.S. airspace.

A. IMC Commercial Implementation

In the NPRM, the Commission appropriately focuses on the regulatory authority
necessary to provide the link between the onboard IMC equipment and a passenger’s mobile
device.”? Review of existing IMC commercial implementation and the authority held by IMC
participants is informative in deciding the appropriate treatment of the onboard link.

1. The Roles of IMC Participants

The ability to provide access to IMC applications to airline passengers involves the

consent and participation of a number of parties including airlines, IMC providers, off-board link

2 NPRM at 1 40.



and terrestrial backhaul providers and terrestrial wireless carriers. Although each entity’s role in
delivering IMC to end-user passengers varies, each role is essential to the process.

Airlines. Airlines seek to enhance the passenger experience by allowing them to use
mobile devices to connect seamlessly to onboard mobile broadband applications just as they
would on the ground. Airlines acquire IMC equipment from manufactures and determine which
IMC applications (i.e., data, SMS, voice, or a combination thereof) to make available to
passengers. Consistent with aviation safety principles, an airline (specifically, the pilot in
command of an aircraft) has ultimate control over IMC equipment onboard its aircraft, but the
airline does not directly participate in the provision of IMC applications to passengers.

IMC Providers. IMC providers install IMC equipment on customer airlines and integrate
the equipment with off-board communications links and the terrestrial backhaul provided by
other providers. Through roaming agreements with terrestrial wireless carriers, IMC providers
enable passenger access to onboard IMC equipment. Thus, IMC providers integrate onboard
equipment with connections to the terrestrial network and, through the roaming agreement,
provide integrated mobile connectivity offerings to wireless carriers on a wholesale basis for
resale to their customers.

Off-board Link and Terrestrial Backhaul Providers. Off-board link providers, which
may be terrestrial or satellite-based, provide a separately authorized link between the aircraft and
the terrestrial network. Terrestrial backhaul providers route mobile traffic on the terrestrial
network pursuant to their existing authority. IMC providers contract with off-board link and
terrestrial backhaul providers to carry IMC traffic across and within the terrestrial network.

Terrestrial Wireless Carriers. Passengers can only use their own mobile devices to

access IMC applications if their home wireless carrier has an executed roaming agreement with



the IMC provider. Through this contract, IMC providers provide wholesale access to terrestrial
wireless carriers who, in turn, offer IMC applications on a retail basis (as a roaming service) to
their subscribers onboard an IMC-equipped aircraft. Wireless carriers authorize subscriber
devices to access the IMC network, set prices for the IMC applications, invoice their subscribers
for IMC usage, and otherwise maintain the direct carrier-customer relationship. The IMC
provider is paid by the wireless carrier for services accessed by its subscribers at wholesale rates
established in the roaming agreement.

2. IMC Is a Roaming Service

The key differentiator between IMC and Wi-Fi-based in-flight connectivity offerings is
the passengers’ ability to access mobile broadband applications seamlessly using their own
mobile device just as if they were roaming overseas. A passenger’s home wireless carrier offers
IMC applications as a roaming service to their consumers and consumer use of the mobile device
using IMC can only occur with the express consent of the carrier. Although other commercial
approaches may be possible for the U.S. domestic market, the FCC should accommodate the
roaming nature of current IMC offerings.

It is also important to note that, like global mobile-satellite service (*MSS”) networks,
both existing global IMC networks (AeroMobile and OnAir) are designated as non-geographic
international networks for ITU number and traffic routing purposes. Thus, connecting to
onboard IMC equipment is akin to roaming onto a single international network regardless of the

geographic location of the aircraft.?

® The international roaming nature of IMC networks, as well as limited U.S. participation in IMC
standards development, also helps explain the reliance on international spectrum allocations for
in-cabin service links.



B. IMC Technical Implementation

IMC technical implementation is predicated on two basic concepts: (i) controlling mobile
device power to the lowest level possible and communicating on specified frequencies within the
aircraft cabin; and (ii) shielding mobile devices from pilot signals of terrestrial base stations to
prevent them from connecting to the terrestrial network at high transmit powers. These functions
are performed by a low-power picocell and network control unit (“NCU”), respectively, which
together comprise the onboard AAS equipment.

The picocell communicates with onboard mobile devices on specified frequency bands
and commands associated mobile devices to a low power state so there are not able to transmit at
higher power.* Consistent with the original technical standard governing IMC operations, the
first-generation picocell on IMC systems operates in the 1800 MHz band using GSM technology.
AeroMobile’s next generation picocell, which U.S. airlines would likely use for implementation,
is designed to communicate in the 1800 MHz and 2100 MHz bands using GSM, UMTS and LTE
technologies in accordance with recently updated IMC standards.” The incorporation of LTE
technology will afford non-GSM carrier customers in the United States to access IMC
applications.

The NCU is designed to emit a low level signal to raise the noise floor of mobile devices

receiver within the aircraft cabin used in the country in which an equipped aircraft is flying over

* If for some reason the power level proves insufficient to connect to the onboard network, then
the link will be dropped.

® Report from CEPT to the European Commission in response to the Second Mandate to CEPT
on mobile communication services on board aircraft (MCA), CEPT Report 48 (Mar. 8,
2013), available
at:http://www.erodocdb.dk/Docs/doc98/official/pdf/CEPTREP048.PDF (“CEPT Report 48™).




at that time. In this way, the NCU masks the pilot signal transmitted by terrestrial base stations
and prevents onboard mobile devices from attempting to connect to terrestrial wireless networks
at high transmit powers. AeroMobile’s first generation NCU can dynamically adjust to transmit
on relevant spectrum bands around the world, and its next generation NCU is designed to be
even more flexible to address new mobile spectrum bands as they are brought into use in the
future.

The attached Technical Appendix provides additional information regarding the technical
characteristics of AeroMobile’s AAS equipment (which reflect existing international standards)
and interference assessments that demonstrate the IMC can operate successfully in U.S. airspace
without causing interference to other systems and services. AeroMobile looks forward to
reviewing this information, as well as other technical data submitted in the record of this
proceeding, with the Commission and interested parties to facilitate a common understanding of
the potential impact of IMC operations using existing and next-generation AAS equipment — the
only equipment that will be available to support IMC for the foreseeable future.

1.  IMPLEMENTATION OF IMC IN THE UNITED STATES WOULD STRONGLY
SERVE THE PUBLIC INTEREST

AeroMobile agrees with the Commission that authorizing IMC on U.S. and foreign
airlines will promote the public interest by expanding consumer access to mobile broadband
applications.® Airlines and passengers have experienced significant benefits from the expansion
of in-flight connectivity options, including increased passenger satisfaction resulting from

additional entertainment options and the ability to remain connected to family, friends and work

® NPRM at § 3.



colleagues while in transit.” The introduction of IMC enhances competition in in-flight
connectivity and affords airline passengers additional means to remain connected.

The Commission seeks to facilitate the efficient and flexible use of spectrum resources in
the context of broadband wireless access and other services. Extensive technical studies and
years of real-world operating experience confirm that IMC can be provided on an unprotected,
non-interference basis in bands shared with commercial and government users alike. Indeed, by
employing AASs, the reach of mobile broadband applications can be extended to the aircraft
cabin without the need for additional or exclusive spectrum allocations. As a result, IMC
operations represent an efficient and flexible use of spectrum.

Moreover, IMC systems actually improve the operational environment for terrestrial
wireless networks. Today, large numbers of mobile devices remain inadvertently powered-on
while onboard commercial aircraft and transmit at high powers in an effort to connect to
terrestrial base stations. By controlling the transmissions of onboard mobile devices to their
lowest power state and shielding mobile devices from receiving terrestrial base station signal,
IMC systems reduce the interference caused by uncontrolled mobile device transmissions.

IMC operations are also consistent with the traditional carrier-customer relationship and
do not affect a carrier’s control over associated mobile devices. A passenger’s mobile device
will only connect to an IMC system if the carrier has affirmatively consented through a roaming
agreement and, even then, the carrier maintains control over retail pricing, invoicing, and other
aspects of the traditional carrier-customer relationship.

Given these and other important public benefits, including the opportunity for U.S.

airlines to offer IMC applications already offered by their competitors, the FCC should allow

"1d. at 7 16-17.



airlines to further enhance the experience of U.S. passengers by implementing IMC in the United
States.

IV. THE NPRMPROVIDES THE FOUNDATION FOR A COMPREHENSIVE IMC
REGULATORY REGIME

AeroMobile commends the Commission for its initiative to expand the reach of mobile
broadband into the aircraft cabin and for the comprehensive nature of the issues considered in the
IMC regulatory regime proposed in the NPRM. As discussed in the following sections,
AeroMobile believes that the Commission should adopt an IMC regulatory regime that:

Q) provides airlines the choice to offer IMC as an in-flight connectivity option and

the flexibility to enable the specific IMC applications that best suit their

passengers’ needs;

(i) permits IMC to operate as a roaming service through partner wireless carriers as it
does today, while allowing for other possible commercial implementations;

(iii)  ensures compatibility with co-frequency systems and services through adoption of
existing IMC standards, while allowing for the development of additional
standards for the domestic market;

(iv)  provides expeditious access to in-flight mobile broadband connectivity to the
broadest range of passengers possible; and

(v) accounts fully for the unique context of international commercial aviation in
which IMC is offered.

AeroMobile believes that the Commission appropriately looks to the Ofcom model in the
United Kingdom as a basis for implementation of IMC in the United States. However, the FCC
should take additional developments beyond those cited in the NPRM including a new Ofcom
consultation on IMC that commenced just this week, into account.

A. The Commission Should Authorize AAS Operations Under a License

Exempt/Unlicensed Approach and Only, If Necessary, Issue Part 87 Licenses
to U.S. Aircraft Operators

In the NPRM, the Commission proposes to revise its rules to permit AASs to operate
onboard U.S. and foreign-registered aircraft to provide IMC pursuant to Part 87 aircraft station

-9-



licenses.® The FCC bases its proposal, in part, on similar approaches to enable IMC that includes
aircraft station licensing adopted elsewhere in the world, including by Ofcom in the United
Kingdom. However, as indicated in an Ofcom consultation commenced earlier this week to
update its rules governing IMC (known as mobile communications onboard aircraft or “MCA” in
Europe), aircraft station licensing for U.K.-registered aircraft is only one element of the
comprehensive regulatory regime adopted to enable IMC in the United Kingdom and elsewhere.

Specifically, Ofcom is updating its regulations to implement the new IMC technical
standard adding the 2100 MHz band for in-cabin service links and other updated technical
requirement.” Review of the Ofcom consultation document and underlying materials confirms
that its IMC regulatory regime includes: (i) license exemption under the U.K. Wireless
Telegraphy Act for AAS operations in the United Kingdom onboard U.K. and foreign-registered
aircraft, subject to compliance with applicable international standards; (ii) aircraft station
licensing (notice of variation) to authorize AAS operations onboard U.K.-registered aircraft
flying outside the United Kingdom; and (iii) mutual recognition of foreign IMC licensing,
subject to compliance with applicable international standards. This approach is consistent with

implementing regulations adopted after its the decision to permit IMC operations in 2008.*

8 NPRM at 1 43-47.

% See Ofcom, Notice of Proposal to make the Wireless Telegraphy (Mobile Communications
Services on Aircraft) (Exemption) Regulations 2014 (Feb. 11, 2014) available at:
http://stakeholders.ofcom.org.uk/binaries/consultations/mca-
exemption/summary/FINAL_MCA _Notice.pdf (“MCA Consultation”).

19 5ee 2008 No. 2427, The Wireless Telegraphy (Mobile Communication Services on Aircraft)
(Exemption) Regulations 2008, (entered into force Oct. 1, 2008) (“MCA Exemption
Regulations”).
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License exemption, however, for AASs would be more appropriate as a regulatory basis.
The equipment is designed to operate at very low power on an unprotected, non-interference
basis pursuant to a uniform technical standard applicable in every jurisdiction that permits IMC.
The Commission should consider adopting this type of approach in the United States, either
through formal license exemption subject to compliance with applicable technical requirements
or through adoption of AAS technical rules in a new subpart of Part 15 (Radio Frequency

Devices) to facilitate unlicensed operations.**

As discussed below, adoption of AAS technical
rules to govern all license-exempt/unlicensed IMC operation on U.S. and foreign aircraft would
facilitate the introduction of IMC in the United States, even if the FCC concludes that Part 87
licensing is appropriate for U.S.-registered aircraft traveling outside the United States.

1. The Commission Should Ensure that AAS Technical Rules Can Be
Applied Uniformly

After appropriate review and validation of IMC technical standards, the Commission
must decide where to incorporate such standards in its rules. Regardless of where such rules are
incorporated, the Commission should ensure that AAS standards facilitate IMC operations on
U.S. and foreign aircraft in the United States and on U.S. aircraft traveling abroad.

As discussed above, other countries treat AAS equipment as license exempt subject to
compliance with applicable technical standards. This is possible because, like the Wi-Fi access
points used for in-flight Internet connectivity, AAS equipment produces very low power
transmissions within the aircraft pursuant to a uniform technical standard. There is no operator

discretion or potential interference to other services associated with operating the equipment that

1 See Communications on board Aircraft, Ofcom Statement on Authorising MCA Services
(Mar. 26, 2008) (“MCA Decision”).
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might suggest individual licensing is necessary, even though an aircraft operator maintains
ultimate control of the equipment (as it does with the onboard Wi-Fi access point).

Adoption of generally applicable technical rules — whether through an exemption
decision or incorporation into its unlicensed device rules — would ensure compliance with such
requirements on U.S. and foreign aircraft without the need for individual licensing. Not only
does this approach further the interests of administrative convenience and conservation of scarce
administrative resources by avoiding ongoing licensing decisions, the Commission can be
assured of compliance with applicable standards because AAS equipment is manufactured, tested
and certified for compliance in the context of civil aviation certification, and there is no
possibility of operating the equipment in a non-compliant manner.

In fact, because AAS equipment is certified for compliance with applicable standards
under comprehensive civil aviation certification, which is even more comprehensive than the
Commission’s own equipment authorization and verification procedures embodied in Part 2 of
the rules, it may be possible for the Commission to forbear from application of Part 2
requirements in these unique circumstances. This would avoid duplicative certification efforts
before both the FAA and FCC. To the extent that Part 2 equipment authorization and
verification is required, the Commission should permit AAS equipment providers such as
AeroMobile, to satisfy such requirements on behalf of all partner airlines.

A license exemption/unlicensed approach would allow the Commission to avoid potential
infirmities with Part 87 licensing or even a license by rule approach. For example, it is not
entirely clear that aircraft equipment that does not use designated aeronautical bands is
appropriate for Part 87 licensing or that the Commission may issue such licenses for equipment

installed and operated onboard foreign aircraft. Moreover, statutory limitations may restrict the

-12-



ability to rely on a license by rule approach. Although it may be possible to correct such issues
via appropriate rule modifications, adopting generally applicable AAS rules could avoid such
issues entirely.

Operation of AAS equipment pursuant to a license exempt/unlicensed approach would
avoid the uncertainties associated with formal licensing (or adopting a license by rule) on
spectrum that may be licensed to others. If the FCC allows IMC based on a license-exempt or
unlicensed basis on an unprotected, non-interference basis only, the Commission would confirm
existing licensees’ rights to their spectrum.

Furthermore, such an approach will facilitate use of frequencies that have not otherwise
been allocated for commercial use but can be used for low-power AAS operations, including the
existing 1800 MHz service link band upon which current IMC systems are based. In contrast,
Part 87 licensing or licensing by rule presumably would require an allocation to commercial
service that could substantial delay the introduction of IMC and deprive U.S. consumers of in-
flight mobile broadband applications that are available elsewhere today.

Finally, such a license-exempt/unlicensed approach would be consistent with recent
Commission precedent. Less than a month ago, the Commission released an order adopting new
Part 15 rules for tank level probing radars (“LPRs”).** The LPR Order also involves devices
operating under unique circumstances with transmit power levels towards potential victim
receivers akin to Part 15 levels, but do not technically comply with the FCC’s unlicensed device
rules. In that decision, AeroMobile understands that the Commission may have originally

considered licensing such equipment by rule but ultimately adopted a new section in Part 15 to

12 Amendment of Part 15 of the Commission’s Rules To Establish Regulations for Tank Level
Probing Radars in the Frequency Band 77-81 GHz, Report and Order and Order, ET Dockets
10-23 and 10-27 (rel. Jan. 15, 2014) (“LPR Order”).
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permit unlicensed LPR operation because, although they operate at higher power than other Part
15 unlicensed devices, the power is directed into a tank for measurement purposes and the
energy outside the tank (which could potentially affect co-frequency operations) is similar to Part
15 unlicensed device levels. Similarly, AAS operations are confined to the aircraft cabin flying
at altitudes of 3,000 meters or higher and comply with Part 15 levels at approximately 275
meters from the aircraft, and thus far away from any potential victim receivers.

Given the low-power nature and unique characteristics of LPR transmissions, the
Commission adopted new Part 15 Rules to accommodate this technology and even adopted ECC
and CEPT standards in the absence of U.S. domestic standards for LPR operations.™
AeroMobile suggest the Commission may adopt a similar approach through an exemption
decision or new Part 15 subpart for AAS equipment. AeroMobile would also note that it is the
characteristics of the equipment, rather than the applications carried over the equipment, that
should guide the Commission’s decision on the optimum regulatory regime to authorize AAS
operations. Gogo LLC’s new text and voice capabilities over Wi-Fi underscore the need for the
FCC’s in-flight connectivity equipment authorization regime to be service agnostic and, in the
interest of promoting innovation and competition, focus on the characteristics of the equipment
itself.*

Accordingly, it appears that the Commission’s objectives can be best realized and the
public most efficiently served by adopting a license exempt/unlicensed approach to AAS

operations in the United States. In this way, the Commission can ensure uniform compliance

B PR Orderat ] 11.

14 See http://www.aircell.com/gogotexttalk.
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with technical requirements, minimize the administrative burden of the IMC regulatory regime,
and further other important public policy objectives.

2. The Commission May Supplement Generally Applicable Rules with
Part 87 Licensing for U.S.-Registered Aircraft, if Necessary

The NPRM correctly notes that in an analogous regulatory construct, Ofcom issues a
‘notice of variation” (akin to an FCC Part 87 aircraft station license) for U.K.-registered aircraft
implementing IMC. Although AAS equipment operations are license exempt in the United
Kingdom, the notice of variation establishes that the aircraft operator has authority to operate the
AAS equipment outside the United Kingdom. Thus, the notice of variation constitutes operating
authority from the aircraft’s registering nation that may be recognized by overflown countries
pursuant to generally accepted principles of international aviation law. Consistent with those
same principles and with the general exemption for AAS operations in the United Kingdom,
Ofcom does not license AAS operations onboard foreign aircraft traversing U.K. airspace.

The Commission may seek to pursue Part 87 licensing of AAS equipment as proposed in
the NPRM if it would further the interests of ensuring U.S. airlines have clear authority to
operate  AAS equipment while traversing international or foreign airspace. However,
AeroMobile would note that it is not clear that Part 87 authority is required in the unique context
of in-flight connectivity. Importantly, for aircraft equipment used for in-flight connectivity that
does not utilize designated aeronautical spectrum (like Ku-band and Ka-band aircraft earth
station terminals, 800 MHz air-ground equipment and Wi-Fi access points onboard the

aircraft),’ it does not appear that Part 87 licensing is required for operations outside the United

15 See 47 C.F.R. 8§ 22.925, 25.227; NPRM at ] 16-19, FN52-62.
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States.”® Thus, the Commission presumably could rely on authority granted on any rule part to
support in-flight connectivity equipment operations outside the United States.

B. The Commission Need Not Adopt Separate Service Rules for IMC
Operations

As the Commission is aware, although airlines install and operate AAS equipment to
support IMC offerings to their passengers, they are not involved in the delivery of IMC
applications to the end users. Instead, the IMC provider and the passenger’s home wireless
carrier together are responsible for delivering in-flight mobile broadband applications. Thus,
there is no basis to impose service requirements on the aircraft operator of AAS equipment.

Indeed, the Ofcom MCA Decision, cited by the Commission as a principal example of
IMC licensing, acknowledges that U.K. aircraft station operators are primarily responsible for
operating the equipment onboard the aircraft and IMC providers are more responsible for
compliance with the general conditions applicable to provision of electronic communications
services onboard the aircraft.” In other words, the general conditions for service provision
referenced by Ofcom are imposed by separate statute generally applicable to electronic
communications service providers, including the IMC provider and the passenger’s home

wireless carrier.

18 Furthermore, it is not clear that Part 87 applies to IMC because that rule part appears designed
for critical aviation services related to the “operation of aircraft” (47 C.F.R. 8 87.5), and
aircraft stations are used primarily for “the necessities of safe, efficient, and economic
operation of aircraft” (47 C.F.R. 8 87.185). Although Part 87 does acknowledge the potential
for “public correspondence” to be provided using designated aeronautical spectrum, the
frequencies used for IMC and the off-board link are designated for mobile, MSS or FSS use
rather than aeronautical use. Compare 47 C.F.R. §§ 22.925; NPRM at {1 16-19, FN 52-62 with
47 C.F.R. 88 87.131, 87.133, 87.169, 87.173.

" MCA Decision at 16, 17.
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Although the Commission does not have overarching service rules that may be applicable
to IMC operations, the wholesale roaming nature of IMC means there is always a licensed carrier
involved with licensed carrier-related obligations — the passengers home wireless carrier — even
if the mobile broadband applications provided would not be considered common carrier services.

Since the passenger’s home wireless carrier permits access through a roaming agreement,
sets retail pricing, bills the customer and otherwise maintains the carrier-customer relationship,
the Commission can reasonably rely on the existing carrier licensing to cover any “service”
authority — particularly since IMC simply extends the reach of mobile broadband capabilities
into the aircraft cabin using the passenger’s carrier-provided mobile device. Moreover, the
participation of carriers ensures that other important carrier-related obligations can be met.

Moreover, AeroMobile suggests that the Commission should avoid imposing separate
service obligations on a nascent IMC market that has not even begun to develop in the United
States. As noted by Ofcom in the MCA Decision, there is no indication that this developing
industry requires regulatory intervention (e.g., with respect to retail access charges)*® and
nothing has changed to alter that conclusion. Current IMC commercial implementation,
utilization trends and actual customer experience suggests that no prescriptive service regulation
is necessary. To the extent that additional technical standards or business models may be useful
to support greater access to IMC applications, the Commission should rely on industry to
develop such approaches rather than on unnecessary regulations that could stifle innovation and

competition.

18 MCA Decision at 20.
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Finally, if the Commission adopts IMC service regulations, the application of such rules
should be limited to U.S. airlines only. The Commission should avoid “reaching into” the
foreign aircraft cabin to impose service requirements on foreign airlines. Like other services
provided onboard an aircraft, IMC is subject to the primary jurisdiction of the airline’s
registering nation. Imposition of potentially conflicting service requirements would infringe on
the regulatory authority of a foreign airline’s registering nation and invite other countries to
impose intrusive regulation on IMC and other in-flight connectivity offerings onboard U.S.
aircraft traveling abroad.

V. THE COMMISSION SHOULD ADOPT A LICENSE EXEMPT/UNLICENSED
APPROACH IN ITS COMPREHENSIVE IMC REGULATORY REGIME

As discussed above, AeroMobile respectfully submits that a license exempt/unlicensed
approach, potentially combined with Part 87 licensing for U.S.-registered aircraft, would be the
most efficient and effective means for the Commission to facilitate the expeditious delivery of
in-flight mobile broadband applications to U.S. consumers. Regardless of the structure
ultimately adopted, however, the Commission should consider the following additional elements
in implementing a comprehensive IMC regulatory regime.

A. The Commission Should Validate and Adopt Existing IMC Standards To
Hasten the Benefits of IMC for U.S. Consumers

As the Commission is aware, IMC applications have been available on foreign aircraft for
years with AASs operating pursuant to technical standards designed to ensure compatibility with
disparate terrestrial systems and services around the world. These standards, which are based on
limiting the transmit power of onboard equipment and mobile devices to very low levels and
prevent onboard mobile devices from connecting directly to the terrestrial network, prevent
emissions onboard IMC-equipped aircraft from causing interference to other systems and
services, including those in the United States. Compatibility studies between IMC and other
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services were conducted for 450 MHz CDMAA450, FlashOFDM; 800 MHz LTE; 900 MHz GSM,
UMTS, LTE, WIMAX; 1800 MHz GSM, UMTS, LTE, WIiMAX; 2100 MHz FDD UMTS, LTE;
2600 MHz FDD UMTS, LTE, RAS (2655-2690 MHz); 2600 MHz TDD UMTS, WIMAX, LTE,
RAS (2655-2690 MHz); Radioastronomy service (RAS) (2690-2700 MHz); and Radars (2700-
2900 MHz).*

The same basic principle holds true with these assessments and future analyses: The
power density outside the aircraft produced by IMC operations, including AAS equipment and
mobile device transmissions, is akin to Part 15 unlicensed device levels. Part 15 power levels are
met at a distance of approximately 275 meters from the aircraft -- aircraft that are flying at high
altitudes (although the minimum altitude for operations is 10,000 feet, aircraft cruise at
approximately 30,000 feet for the majority of their flight) with large separation distances and at
speeds of 500 mph. Thus, the impact of IMC operations would be substantially less than that of
Part 15 unlicensed devices that are currently permitted to operate in the United States in all of the
bands used by IMC systems and associated mobile devices. The Commission can rely on these
studies, and supplemental information for additional frequency bands, to adopt existing IMC
technical requirements to protect other systems and services.

AeroMobile would also note that the existing technical studies are extremely
conservative in their approach. For example, the assumptions for transmission level from IMC-
equipped aircraft assume worst-case position of a mobile relative to a victim receiver (angle to

the ground) and do not account for aircraft motion, whereby an equipped aircraft is actually at

19 5ee ECC Decision of 1st December 2006 on the harmonised use of airborne GSM systems in
the frequency bands 1710-1785 and 1805-1880 MHz, ECC/DEC/(06)07 (amended Mar. 13,
2009), available at:http://www.erodocdb.dk/Docs/doc98/Official/Pdf/ECCDec0607.pdf (ECC
Decision).; ECC Report 187 Compatibility study between mobile communications services on-
board aircraft (MCA) and Ground based systems - January 2013; CEPT Report 48.
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the worst case position only momentarily and otherwise is flying rapidly towards or away from
that position (and thus more typically in the much lower sidelobes of the victim antenna). Thus,
among other things, the fleeting nature of potential interference resulting from the speed of the
aircraft support the extremely conservative nature of existing analyses and reliance on these
analyses in considering the potential impact of IMC in the United States.

The Commission and interested parties should focus their efforts on expedited review of
existing technical studies and supplemental analysis to determine whether current IMC standards
can support IMC operation on U.S. and foreign aircraft in the Unites States. In this way, the
Commission can expeditiously adopt IMC standards to hasten the introduction of IMC for U.S.
consumers. AeroMobile believes that these existing standards are more than adequate to permit
IMC operations onboard U.S. aircraft and to permit foreign airlines to continue IMC operations
while traversing U.S. airspace.

B. Adopting Existing IMC Standards Will Protect U.S. Systems and Services
and Further Other Important Policy Objectives

Current and next-generation AASs are designed and operate pursuant to existing
international standards and ensure compatibility with co-frequency users. CEPT Report 48, as
well as underlying studies and related standards, constitute a solid foundation on which the
Commission can adopt IMC technical requirements. Because these studies and standards
address a wide range of frequencies and services, any differences between the European and U.S.
commercial mobile spectrum bands would not affect the relevant CEPT findings. Moreover,
frequency adjustments can be made to supplement existing studies without changing the
underlying analytical approaches, providing an efficient means to address systems and services
that have not otherwise been addressed. The Technical Appendix attached hereto provides

additional technical analysis regarding AAS operations in the United States.
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The Commission’s adoption of well-proven technical standards would benefit the public
interest by facilitating the rapid implementation of IMC in the United States, accelerating the
introduction of IMC onboard U.S. airlines with existing equipment, and promoting international
harmonization for IMC operations onboard U.S. aircraft traveling internationally and foreign
aircraft traveling in the United States.

Furthermore, most “smart” devices used for mobile broadband applications include the
frequencies and international roaming features necessary to access current IMC systems pursuant
to existing technical standards. Thus, while additional standards may be appropriate for the U.S.
domestic market, the Commission should not deprive U.S. consumers of existing IMC offerings
during the pendency of such standards development work.

1. Mobile Device Requirements

The Commission should adopt the specific aggregate EIRP limits outside the aircraft for
mobile devices transmitting within the aircraft cabin to reflect the current values from CEPT
Report 48. Because existing and next-generation picocells will operate with mobile devices on
1800 MHz and 2100 MHz frequencies only, there is no basis to adopt values for additional
frequencies at this time. However, these limitations certainly could be adjusted to account for
changes in free space loss for mobile device operation on U.S. spectrum or different
technologies.”

It is also unnecessary and impractical to limit the number of mobile devices in operation
in order to protect terrestrial systems from harmful interference,* because, for GSM and LTE,

each device is either given a timeslot or frequency, respectively. The only technology that uses

20 56 NPRM at  35.

2L gee id.

-21 -



the same frequency is UMTS, and this is limited to 20 devices to achieve AAS operations at
3000 meters. Of course, AASs are already designed to limit the maximum transmit power of
individual mobile units to their lowest power state because of the short distances involved in the
aircraft cabin. Accordingly, it is not possible for the device transmit at higher powers when
connected to the onboard AAS.

2. Picocell Requirements

The Commission also should adopt the same levels specified in CEPT Report 48 for
picocell operations onboard the aircraft. Again, because existing and next-generation picocells
will operate with mobile devices on 1800 MHz and 2100 MHz frequencies only, there is no basis
to adopt values for additional frequencies at this time. However, the Commission could allow
picocells to transmit using additional mobile technologies on the foregoing bands, or add
permissible bands for future use. Updated technical studies would be required to support such
additions.

3. NCU Requirements

The Commission should also adopt the EIRP limits outside the aircraft from NCU
transmissions as specified in CEPT Report 48. These values can be applied for the existing
spectrum ranges, and can be adjusted to reflect allocation differences in U.S. mobile bands. The
technical information included in the attached Technical Appendix establishes that the
adjustments necessary would be relatively small. However, AeroMobile is not proposing that
the Commission adopt specific levels in other bands at this time.

Importantly, the AAS is aware of the jurisdiction in which the aircraft is located and will
activate available NCU frequencies only if terrestrial base stations may be operating on those

frequencies in that country. Thus, the NCU would not operate in the 1800 MHz band in the
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United States because there are no terrestrial base stations transmitting pilot signals that could be
received by onboard mobile devices.

AeroMobile notes that the mobile bands utilized in various countries have changed over
time and are expected to change in the future as new spectrum is made available for broadband
mobile applications. Indeed, international IMC standards were recently updated to reflect
additional service link and control bands. To account for such changes, AeroMobile has
developed a next-generation programmable NCU that can dynamically adjust for control bands
from 400 MHz to 4 GHz. While certain legacy AAS systems cover most control bands, they do
not have the full range of dynamic capabilities of the new NCU. In view of this normal
generational evolution of equipment, the Commission should ensure that any rules developed
should accommodate for variations in existing and future AAS generations.

C. The Commission Should Allow for the Development of Additional IMC
Standards for the U.S. Domestic Market

The most expeditious route to introducing IMC in the United States is to adopt existing
international standards for which equipment is available and mutual recognition by other
countries can be assured. However, the Commission and interested parties may also seek to
develop additional standards that may be more geared to the U.S. domestic market. Interested
parties may seek to explore additional service link spectrum or new business models that are not
based on international roaming concepts as existing offerings are today.

Indeed, any regulatory regime adopted by the Commission should not be considered the
end of the matter because adjustments may need to be made over time to reflect additional
mobile bands that come online, new transmission technologies and other developments. Thus, as
in Europe with the recent addition of the 2100 MHz service link band, modification of governing

is both expected and desirable.
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Development and implementation of additional U.S.-specific standards will take
considerable time given the extensive technical and regulatory work the must be conducted for
both telecommunications and civil aviation purposes. In the meantime, such work should not be
permitted to delay the adoption of existing standards and unnecessarily deprive U.S. consumers
of the benefits of new mobile broadband applications.

D. The Commission Should Include Important International Considerations in
a Comprehensive IMC Regulatory Regime

The NPRM raises a number of important issues associated with the implementation of
IMC in the United States, including many which would affect foreign airlines operating in U.S.
airspace. Specifically, the Commission proposed to license AAS equipment under Part 87 of its
rules to aircraft operators,?* including foreign airlines, and presumably to apply technical and
service rules similarly to both U.S. and foreign aircraft operators.

AeroMobile believes that, regardless of the authorization framework adopted for U.S.
airlines, the Commission should permit AAS equipment onboard foreign-registered aircraft to
operate in U.S. airspace pursuant to licenses issued by the aircraft’s registering nation, subject to
compliance with FCC technical rules designed to prevent harmful interference.

1. The Commission Should Not Impose Duplicative Aircraft Radio
Station Licensing for AAS Equipment Onboard Foreign Aircraft

Pursuant to generally accepted legal principles in international civil aviation, as well as
treaty provisions in the Chicago Convention and ITU Radio Regulations, an aircraft’s registering
nation has primary jurisdiction to license equipment onboard the aircraft. Section 87.191 of the

Commission’s rules recognizes this fundamental principle.?® Although radio equipment onboard

22 5e NPRM at 1 42-47.

23 5ee 47 C.F.R. §87.191.
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foreign aircraft must operate in compliance with the regulations of overflown nations, including
the potential need for supplemental operating authority, it is not at all clear that the Commission
has the legal jurisdiction to independently issue aircraft station license for equipment onboard
foreign aircraft — or that the Commission can or should exercise such jurisdiction (assuming it
exists) under applicable principles of international law.

In view of the foregoing, the basis for the Commission’s proposal to issue duplicative
aircraft station licenses under Part 87 to foreign airlines seeking to operate IMC equipment in
U.S. airspace is unclear. Although the Commission has the authority to condition the operation
of radio equipment onboard foreign aircraft and such equipment certainly must be operated
consistent with the regulatory requirement of overflown nations (e.g., to avoid harmful
interference), this is quite distinct from actually issuing another aircraft station license for the
equipment onboard a foreign aircraft that has already been licensed by the aircraft’s registering
nation. AeroMobile believes that this proposed approach to enabling IMC onboard foreign
aircraft is inconsistent with basic legal principles in international civil aviation, treaty provisions
and with the Commission’s own rules.

In the context of in-flight Wi-Fi connectivity, which has been largely led by U.S.
providers and employed by many U.S. airlines, duplicative equipment license requirements for
foreign aircraft could set a dangerous precedent for other countries which could adversely affect
the ability of all to offer in-flight connectivity on a global basis. The suggested license
exempt/unlicensed approach avoids the potential adverse consequences of additional equipment
licensing and recognizes foreign aircraft radio licensing, subject to compliance with applicable

IMC requirements. In this way, the Commission will ensure that IMC equipment onboard
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foreign aircraft complies with U.S. regulations without infringing on the jurisdiction of foreign
administrations.

Finally, if the Commission adopts service-related obligations for IMC operations onboard
U.S. airlines, it should not impose such requirements on foreign airlines. Such requirements are
unnecessary in the context of IMC implementation because IMC providers partner with licensed
wireless carriers to deliver mobile broadband applications to the passenger. Furthermore,
imposition of such service rules would be an unjustified intrusion into the foreign aircraft cabin.
Like other services and activities onboard an aircraft, IMC is subject to the primary jurisdiction
an airline’s registering nation. The potential imposition of disparate IMC service requirements
by overflown nations would conflict with well-accepted principles in international aviation and,
again, would set a dangerous precedent for global in-flight connectivity offerings. Accordingly,
the Commission should avoid “reaching into” the foreign aircraft cabin to impose service
requirements on IMC operations onboard foreign aircraft.

2. IMC Requires Harmonized International Standards

IMC systems are currently installed on hundreds of aircraft and in-flight connectivity
systems are installed on thousands more — many of which are engaged in international
commercial aviation. IMC and related equipment, including components that provide the off-
board link, travel virtually everywhere in the world pursuant to uniform standards developed by
the communications and aviation industries. These standards are designed to ensure that
equipment operations onboard aircraft are compatible with other systems and services, both on
the ground and in the air.

The Commission should recognize the global nature of commercial aviation and the need

to adopt harmonized standards to facilitate the provision of IMC by U.S. airlines on long-haul
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international flights that cross multiple national boundaries. Adopting harmonized standards will
also promote competition, enhance access to mobile broadband services and reduce costs by
increasing scale in the global IMC marketplace for airlines, aircraft manufacturers, equipment
integrators, service providers, wireless carriers and the U.S. traveling public.

3. The Commission Should Authorize IMC Even if Additional
Standards Must Be Developed for U.S. Airlines

As a result of the Commission’s initiative through the NPRM, interested parties
(including U.S. airlines and wireless carriers) are now exploring the potential of IMC offerings
and appropriate means for implementing IMC in the United States. However, these mobile
broadband applications have been available on foreign airlines operating throughout the rest of
the world for years. Although it may be appropriate to consider issues associated with the
provision of IMC in the U.S. domestic market, the Commission should not delay adoption of
international standards that may be employed by U.S. aircraft traveling internationally and
foreign aircraft traveling in U.S. airspace.

AeroMobile would also note that many U.S. passengers on foreign airlines utilize mobile
devices that include the frequencies and international roaming features necessary to access IMC
today. The ability to access IMC will be even greater when next generation IMC equipment is
introduced that has the additional service link band at 2100 MHz. Thus, the Commission can
make IMC applications available to U.S. consumers even if it considers additional issues
associated with more U.S.-specific IMC implementations.

E. Permitting IMC Operations Below 10,000 Feet Is Premature

The NPRM inquires about the possibility of AASs operations below the minimum
altitude of 3,048 meters (10,000 feet) currently used to support global IMC offerings. The

Commission asks specifically whether this service floor is appropriate for all mobile

-27-



technologies and bands, whether public safety entities could benefit from operations below this
level, and whether allowing AASs to operate below the current minimum altitude could help
prevent mobile devices from attempting to access terrestrial networks.**

AeroMobile believes that the Commission should limit the operation of AASs to altitudes
higher than 3,048 meters (approximately 10,000 feet) above ground. Existing studies suggest
that this minimum separation distance is necessary to adequately protect terrestrial networks.
Thus, although there may be some benefit in certain limited circumstances to permitting
operation below the current minimum altitude, AeroMobile believes that additional studies
would be required to support such operations.

F. The Commission Need Not Consider the Issue of VVoice Services in this
Proceeding

In the NPRM, the Commission does not propose to limit the types of IMC
applications that can be provided onboard the aircraft. Instead, the ultimate decision relating to
specific mobile broadband applications would be left to the airlines themselves.”® To facilitate
airline choice, IMC systems have settings that allow airlines to enable or disable individual
mobile applications, including disabling voice connectivity.

AeroMobile believes that the Commission’s objectives in this proceeding should be to
further the public interest by facilitating the introduction of new mobile broadband services,
extending the reach of existing networks, and protecting existing licensees from harmful
interference. In contrast, the FAA and the U.S. Department of Transportation (“DoT”) have the

proper jurisdiction to address the potential impact of voice on passenger comfort, convenience

24 NPRM at 1 55, 70-71.

2 d. at 3-4, 25, 72-73.
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and safety that have been raised with respect to the introduction of IMC in the United States. To
the extent that such concerns persist, they should be addressed by those agencies. Nonetheless,
AeroMobile believes that airlines remain in the best position to decide whether a particular IMC
application is beneficial for their passengers.

AeroMobile agrees with comments submitted by Gogo Inc. in a recent proceeding
indicating that the Commission’s rules should not restrict the types of applications provided in
the context of in-flight connectivity.”® Indeed, in adopting rules and policies for the 800 MHz
air-ground service, the Commission expressly confirmed that it sought “to let marketplace forces,
rather than prescriptive regulations, determine the highest wvalued air-ground service
applications” and that “a new licensee may provide any type of air-ground services (i.e., voice
telephony, broadband Internet, data, etc.) to any aircraft type....”?” There is no basis for the
Commission to change its approach in the context of developing a regulatory regime for IMC in
the United States.

Finally, AeroMobile would note that far from raising social or technical concerns, in-
flight voice, text and data connectivity is increasingly expected and relied upon. In fact, last year
the FAA issued a study on the use of cell phones in flight,?® which confirmed that there were no

reported cases of passenger disruption or flight attendant interference onboard a number of

%6 see Comments of Gogo Inc., RM-11640 (filed Aug. 26, 2013) at 11-12.

2T1d. at 12 (citing Amendment of Part 22 of the Commission’s Rules to Benefit the Consumers
of Air-Ground Telecommunications Services, Report and Order and Notice of Proposed
Rulemaking, 20 FCC Rcd 4403, 4431 152 (2005)).

28 Study of the Use of Cell Phones Onboard Aircraft, Docket No. FAA-2012-0957, Notice of
Availability and Request for Comments, 77 FR 54651 (rel. Sept. 5, 2012); Study of the Use of
Cell Phones Onboard Passenger Aircraft, DOT/FAA/AR-12/30 (rel. July 2012) (“Cell Phone
Study™).
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surveyed foreign airlines that offer voice connectivity. This study is consistent with
AeroMobile’s experience that demand for all mobile applications (voice, text and data)
applications is growing rapidly, and that access to such communications applications greatly
enhances the passenger experience.

G. Other Issues
1. Law Enforcement Concerns

The Commission proposes that IMC offered in the United States would be subject to the
provisions of CALEA, and anticipates that IMC providers would work diligently with law
enforcement agencies to address any public safety, law enforcement, and national security
concerns through individual negotiations and agreements.*® The Commission also asks whether
the FCC should take measures beyond CALEA obligations and individual agreements to address
in-flight safety and security concerns.*

AeroMobile agrees that IMC is subject to CALEA and such additional capabilities as
may be negotiated in the context of individual IMC system implementations. AeroMobile has
worked with U.S. law enforcement agencies to address its current IMC offering and what
additional measures may be appropriate to support IMC in the United States. AeroMobile
therefore agrees with the Commission’s conclusion that individual agreements are the best means
to address law enforcement concerns regarding IMC and that the Commission should not impose

any additional requirements.

29 NPRM at 11 3, 25, 75-77.

30 4.
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2. Border Coordination with Canada and Mexico is Unnecessary

In the NPRM the Commission seeks comment on the necessity of modifying rules to
codify future agreements with Canada and Mexico regarding IMC use of these bands.™
AeroMobile agrees with the Commissions that AAS operations must operate consistent with the
terms of international agreements currently in force. However, due to the non-interfering nature
of IMC services, border coordination agreements with Canada and Mexico are unnecessary.
AAS operations are license exempt in Canada and Mexico, and the Commission is not in a
position where it must codify any future agreements with Canada and Mexico regarding the use
of IMC services on AAS-equipped aircraft.

V1. CONCLUSION

AeroMobile appreciates the efforts of the Commission to respond to the ever-
growing consumer demand for consistent, flexible connectivity and to facilitate the introduction
of IMC in the United States. AeroMobile believes that the most appropriate means for the
Commission to achieve these objectives is to adopt a license-exempt/unlicensed approach for
IMC equipment installed and operated onboard U.S. and foreign aircraft. The Commission might
decide to supplement this approach with Part 87 aircraft station licensing for U.S.-registered
aircraft to ensure that authority to operate IMC equipment is expressly established for aircraft
that travel outside the United States. Finally, by adopting current IMC standards while
developing additional U.S. domestic guidelines, facilitating existing commercial implementation
of IMC offerings and accounting for the unique issues associated with IMC in international

aviation, the Commission can achieve its objectives.

3L NPRM at | 74
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AIRBORNE MOBILE CONNECTIVITY

Technical Review of Frequency Bands
for AAS Operations in U.S. Airspace

Introduction

This technical paper reviews the operation of the existing 2.5G and future 3G/LTE AeroMobile
airborne access system (“AAS”) on commercial aircraft overflying the United States.

Existing ECC reports'”® and CEPT Report 48 cover the mobile bands used in ITU Region 1 & 3 and the
operation of GSM/UMTS and LTE connectivity. This paper reviews the potential impact of existing
and future AAS designs on systems and services in the United States to assess whether the operation
of these systems in U.S. airspace will cause interference.

The ECC Reports® divide the subject mobile bands into those used for on-board connectivity
(initially 1800 MHz and then adding 2100 MHz) and those that need to be controlled to inhibit
reception of a pilot signal from the ground networks. AASs utilise only the foregoing bands (E-UTRA
Band 1 & 3) for connectivity to take advantage of low minimum power levels of the mobile devices
accessing these bands, maximise the aircraft attenuation and RF path loss, resulting in very low EIRP
levels outside the aircraft and on the ground.

Consistent with existing standards, AeroMobile proposes to continue using existing 1800MHz (E-
UTRA Band 3) and 2100MHz (E-UTRA Band 1) connectivity bands for operation in U.S. airspace. This
allows the existing equipment to be utilized for a global solution based on communications and
aviation industry standards and processes to support in-flight GSM/UMTS and LTE connectivity.

The controlled bands are managed by a Network Control Unit (NCU) that raises the RF noise floor
within the aircraft cabin, and thus the mobile device receiver, such that it cannot receive a pilot
signal from the ground network. This, in turn, prevents the mobile device from transmitting at high
power to connect directly with terrestrial base stations from the aircraft.

Today, with the large amount of mobile devices left “on” but not in “airplane mode” onboard
aircraft, there are many aircraft flying over the USA with uncontrolled mobile devices currently
trying to connect or connecting with the terrestrial network at high powers, with resultant
interference to the terrestrial network from these high-power transmissions. In contrast, an aircraft
equipped with an AAS employs the onboard NCU to shield the aircraft cabin and reduce the
interference impact of otherwise uncontrolled devices on the ground network.

Connectivity and Controlled Bands

The current ECC Reports'®

cover the mobile bands given in Table 1 that are used in the ITU
Region1&3. The connectivity bands were selected at higher frequencies to maximise the
attenuation and RF path loss and to utilise the lower levels of RF power control that the a-UE
(airborne UE/MS) available in the higher bands. The highest band 2600MHz was rejected for
connectivity due to the risk of interference to radio astronomy and adjacent weather radar services

(See Section 8 ECC Report 187°).
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| Table 2 shows the USA frequency bands defined in Footnote 8 of the NPRM, plus the addition of the
2.6 GHz band which we believe will be used for LTE TDD in the future, that may need to be
controlled for future AAS operations.

Connectivity bands:

1710-1785 MHz (uplink)/ 1805-1880 MHz (downlink) (GSM /LTE1800)
1920-1980 MHz (Uplink)/ 2110-2170MHz (downlink) (UMTS2100)

Controlled bands:

791-821 MHz (LTE 800)

925-960 MHz (GSM/UMTS/LTE 900)
1805-1880 MHz (GSM/UMTS/LTE1800)
2110-2170 MHz (LTE/UMTS)
2500-2690 MHz (LTE 2600)

Table 1 Existing AAS Frequency Bands

698-759 MHz (LTE 700)
869-894MHz (800)

USA Controlled 851-866, 935-940 MHz (SMR)
bands: 1930-1995 MHz (PCS)
2110-2155 (AWS)

2180-2200 (AWS-4)
2345-2360 (WCS)

Table 2 US-Specific Controlled Bands

Figure 1, below, itemizes the bands studied by the EU versus those identified in NPRM Footnote 8,
plus the 2600 MHz band that we believe will be used in the United States for LTE TDD. Also the
AeroMobile system is capable of covering the 3.5 and 3.8 GHz bands when introduced.

LTE 2600
2500 - 26%0 (T0D)

FOC {NPRM Footmate Ta0MHz B00MHz MR PCs Aws W54 Wes
42600MH? 695 - 757, 775 - 787 |824 - B4Y, 869 - B34 | 606 - 824, 551 - 863 |96 - 401, 235 - 840 |1850 - 1845, 1830 - 1995 1710 - 1755, 2110 - 2155 | 2000 - 2020, 2180 - 2200 2305 - 2320, 2345 - 2360
4] 400 MHz LTE 800 LTE 300 LTE 1900 2100MHz

Connactivity 05 - 1830 |1920 - 1880, 2110 - 2170

Controlled 460- 470 791621

LTE 2600
2300 - 2570, 26202690 {FOD)
1500 - 2650 (T0D)

Figure 1 Cellular Band Overlap with existing ECC Reports

Overlaps in the spectrum defined in the ECC Reports vis-a-vis U.S. bands (thus requiring additional

compatibility assessments) include:
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NCU => US SMR Downlink (UE Rx) -
NCU => US PCL Uplink (Node B Rx)
1800MHz UL ac_UE => US AWS UL (Node B Rx)
2100MHz DL ac_Node B => US AWS DL (UE Rx)
US AWS DL Node B Tx =>2100MHz DL (ac_UE)

These scenarios are evaluated in separate sections of this technical paper.

Connectivity Bands

The AAS currently operates in E-UTRA Band 3 (1800 MHz) for GSM and proposes to continue
operation in that band for 3G and LTE. In addition a second connectivity band was defined in CEPT
and the ECC* reports in March 2013 for the use of the E-UTRA Band 1 (2100 MHz) for UMTS.

Figure 2 shows the overlapping aspects of utilising the existing connectivity bands system with the
USA Federal and Cellular networks. Each overlapping scenario (A to D) is addressed later in the

document.

1700 1800 1900 2000
50

Scenario C.1
E—

,"i 2155
D 2 5G/LTE Connectivity Band RowW & USA
Scenario A

Scenario C.2

1850,
MSR/E UTRA Band 25 — Region 2

Scenario D
E-UTRA Band 2 AT&T USA

3G Conne}

ctivity Band RoW & USA

MSR/E UTRA Band 1- Region1&3

1800 1920

MSR/E UTRA Band 33 (TDD)- Region 2 -
2000 2020 2180 2200

MSR/E UTRA Band 23- Region 2 (AWS-4 USA_ .

Figure 2 Connectivity Band Overlap with US Mobile and Federal Bands
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Analysis

The following analysis utilizes reference data from various ECC Reports.'?*

This analysis first reproduces Scenario 1, 2 and 3 as defined in Page 9 of ECC Report 187° and adds
the additional USA bands defined in Table 2. These scenarios are described below. Minimum
Coupling Loss was concluded as being the worst case in the ECC technical meetings so this analysis
does not cover any SEAMCAT analysis.

Leaky Feeder

arrcraft antenna
for both NCTT
and downlink

connectivity

component

onboard terminal station
Multiple arborne system components

(MS and areraft) following typical
distribution

Multiple ground system components ’\l\‘
following typical distribution

ground base station
ground terminal station

Figure 3 ACC and Ground Based cellular interference scenario

This paper will repeat the three scenarios described below to include the USA bands defined in
Table 2. It will also separately examine the overlap of the proposed connectivity bands as shown in
Figure 2 for Scenario A through D.

= Scenario 1: Impact of ground base station (g-NodeB*) to the
ac-UE. This scenario, using a minimum coupling loss (MCL) /7
approach, identifies the conditions in which the mobile
terminal on aircraft (ac-UE®) will have visibility of the
ground-based networks. Note that the NCU and aircraft {1 Rt St
base station (ac-NodeB) are not taken into account in this #it
scenario. The ac-UE/ac-MS® are operating uncontrolled and
assumed to be at full power (e.g. not connected to the on-
board system).

ol
frs]

o bese semian |
(R T———

: g-NodeB is the standard terminology used for Ground Node B
? ac-UE is the standard terminology used for aircraft user equipment (UMTS and LTE)
% ac-MS is the standard terminology used for aircraft mobile station (GSM)
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= Scenario 2: Impact of the ac-UE to g-NodeB. This

scenario, using both MCL approach assessed in which ( E & ;
conditions the ac-UE will have the ability to connect to ;o

A onbosrd teveminal wation
ground-based networks, and in that case, the impact I/ s it reo g
on other ground-based links. Note that the NCU and IOt > | e

ac-NodeB are not taken into account in this scenario
The ac-UE/ac-MS are operating uncontrolled and
assumed to be at full power (e.g. not connected to the
on-board system).

= Scenarios 3: Impact of onboard NCU*and ac-NodeB ... /7

emissions to the downlink of ground-based networks, e
for single aircraft.

NCUap 1
+Connectivity con in 1
*2100MHz and 2600 WHe

WA ][]

T

aroundbase station
around terminal station

= US Specific Scenarios A-D: As discussed above, there is an overlap in using the existing E-UTRA
Band 3 (1800 MHz) band in the United States. Because an on-board 1800 MHz ac-UE/ac-MS will
not transmit unless it sees a broadcast pilot
channel there is no possibility of devices " =) e -
transmitting at full power in this band. For =
that reason, there is also no need for the
NCU to operate in the 1800 MHz band in the
United States. The onboard ac-MS and ac-
UE will be controlled to their minimum EIRP
RF power of 0dBm, -6dBm, +8dBm for GSM, R
UMTS and LTE, respectively.

Scenario &

‘Scenario C 2

Current plans are only to operate GSM and
LTE in the 1800MHz band but UMTS has been added for completeness.

* NCU - Network Control Unit is the element of the AAS that lifts the RF noise floor in the downlink of the
mobile bands that the aircraft is overflying.
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As noted above, there are four scenarios that need to be examined for the United States given
the differences in frequency allocations:

A. ac-UE TX (operating in the 1920-1980MHz) -> g-UE RX (operating in the 1930-1980MHz),

B. ac-NodeB/BTSBTS TX (operating in the 1805-1880MHz) -> g-NobeB RX (operating in the
1850-1915MHz),

C. US Federal Overlap
ac-NodeB/BTS TX (operating in the 1805-1880MHz) -> US Fed RX(1805-1850MHz)
ac-UE/MS TX (operating in the 1755-1785MHz) -> US Fed RX (1755-1785MHz)

D. ac-UE/MS TX (operating in the 1710-1755MHz) -> g-Node RX (operating 1710-1775MHz)

Scenario 1 g-NodeB to ac_UE

Table 3 to Table 19, below, use the following calculations and input to derive the received signal
levels within the aircraft cabin for the current AAS and new U.S. bands under consideration:

Path Loss = 92.4 + 20log(d) + 20log(f) where d is in kilometers and f is in GHz

A g-NodeB LTE EIRP power from ECC Report 187 Table 15 is given as +64dBm when using a 15dBi
antenna. The figures in the LTE Tables are corrected to give the EIRP (dBm) at the worst case
elevation angle of 48° for 700/800 MHz using the following equation:

LTE EIRP at 48° (dBm) = Transmit EIRP Power (dBm) — Antenna Gain (dBi) at 0° + Antenna Gain at 48°

EIRP at 48° = 64 —15 — 0.34 = 48.66dBm (at 700/800MHz)

The same equipment and antenna transmit and antenna gains are used for the 700 MHz LTE g-Node
B and antenna respectively as we do not believe that the performance of the equipment will be
significantly better at 700 MHz.

For the g_Node B LTE for the 900, 1800, 2100, 2600 use a +43dBm Antenna Input Power giving the
EIRP at 48° as:

EIRP at 48° = Antenna Transmit Power + Antenna Gain at 48°
The same parameters were used for 1900 and 2300 MHz frequencies.

The Max Rx Power in aircraft takes into account a 5dB aircraft attenuation agreed in ECC Report 93
Table 13.

The Margin is the level above sensitivity using -97dBm/10MHz for LTE and -114dBm and -117dBm
for 800 to 1900MHz and 2100 to 2600MHz. A negative margin indicates that the ac-UE can receive a
signal on-board the aircraft that can results in transmission to the ground by the ac-UE.

Table 3 (700MHz) and Table 6 (800MHz) differs by approximately 1.1dB due to the reduced
propagation path loss so there is a higher received signal in the cabin at 700MHz. For UMTS/LTE
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| Table 11 & Table 12 (1800MHz) and Table 14 & Table 15 (1900MHz) there is approximately 0.4dB
increase in propagation path loss reducing the signal in the cabin.

For each table in Scenario 1, a negative margin indicates that the onboard ac-MS/ac-UE would

receive the signal from a g-BTS/g-Node B, and thus would start transmitting at high power to

connect to the terrestrial network. In other words, a negative margin is not desired. As indicated in

Tables 3 through 19 below (covering various bands and technologies) below, all frequency bands
result in a negative (undesired) margin in an uncontrolled environment, establishing that an NCU is

necessary to control the RF environment within the

aircraft cabin to facilitate successful AAS

operations.
LTE 700MHz (USA)
LTE TOOMHz
g_ATS
Antenna
Aircraft height Worst case Distance aircraft/ | Pathloss | Gain (dBi) | g_NodeB | MaxRx. Powerin | Margin
above ground (m) | elevation angle (") | base station (km) (dB) @48 EIRP {dBm) | aircraft (dBm / ch) {dB)
Lo 48 4.04 101.4 -0.34 48.66 =277 -39.23
4000 48 5.38 103.9 -0.34 48.66 -60.26 -36.74
5000 48 B.73 1059 0.34 4E.66 62.20 34 80
6000 48 8.07 107.4 -0.34 48.66 -63.78 -33.22
7000 48 9.42 108.8 -0.34 48.66 -65.12 -31.88
2000 48 1078 1099 0.34 48 66 Bbb.28 30.72
9000 48 12.1 111.0 -0.34 AR.66 -67.30 -29.70
10000 48 13.45 111.9 -0.34 AB.66 -68.22 -28.78

Table 3 LTE g-NodeB to ac-UE at 700MHz

800MHz ITU Region 1&3 - USA 800 MHz

Page |7

GSM
Alrcraft Worst | Distance | Max Rx.
height case alreratt /| Powerin
ahbove |elevation base aircraft | Margin
ground | angle [°) | staton | (dBm [/ (d8)
3000 48 204 -1250 -24.50
4000 48 5.38 -74.90 -22.10
3000 48 673 -16.70 -20.30
5000 48 8.07 -18.20 -18.80
7000 0.42 -79.50 -17.50
8000 48 10.76 -80.60 -16.40
000 121 -81.50 -15.50
10000 48 1345 -83.30 -13.70

Table 4 g-BTS (GSM) to ac-MS at 800MHz
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UMTS BOOMHz

g_NodeB

Antefing
Arcratt heght Worst case Distance airceatt [ | Pathloss | Gain (dBI) | & NodeB | Max R Pawerin | Margin

above ground (m) | elevation angle *) | base station (k] (dB) [ EIRF {dBm) | sircraft (d8m / ch) {di)
3000 a8 404 1026 -10.4 86 -68,99 -45.01
4000 48 538 1051 -10.4 ie6 -TL48 4252
3000 a3 073 hIvedti] -10.4 38.6 -T342 ~A0.58
GO0 a8 207 1088 -10.4 EL) 15,00 -39.00
7000 43 442 1089 -10.4 186 -Th34 -37.66
2000 a3 10,76 1111 -10.4 36.6 =150 ~30.50
9000 48 121 1121 <104 R6 TR 52 548
10000 48 1345 1130 -10.4 15,6 -Jo44 -34.56
Table 5 UMTS g-NodeB to ac-UE at 800MHz
LTE B00MHz

g_NodeB

Artenna
Aircraft height Waorst cane istance aircratt / | Pathloss | Galn (d81) g NodeB | MaxRx Powerin | Margn

above ground (m) angle (") | basestation (km) (B} @48 EIRF {dBm) | aireraft [dBm f ch) (L]

3000 48 am 102.6 34 3,66 5893 -38.07
4000 48 538 1051 <034 4366 6147 -35.58
5000 48 473 107.0 -0.34 48,66 -53.36 -3364
6000 48 aar LOB.6 -0.34 48.66 64,04 ~32.06
T000 4z a5 109,9 -0.34 306 -66.28 -30.72
8OO0 48 107 SR} 034 44,66 -&laa -24 56
5000 45 121 1121 034 43.66 -68.46 ~28.54
10000 48 13.45 113.0 0,34 4366 -69.38 -27.62
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900MHz (ITU Region 1&3) + SMR USA

G5M

height Warst | awreratt f | Power in

abowe case bhase aircraft

pound | elevation | station {dBm Margin
im} angle (%) (o} ch) [N
3000 48 404 -73.50 -23.50
4000 48 538 -75.90 -21.10
5000 48 6.73 -T1.70 =19.30
/OO0 48 8.07 -79.20 -17.80
T000 43 9,42 -80.50 -16.50
B000 438 10.76 -81.60 -15.40
2000 43 1213 -82.50 -14.50
10000 48 13.45 -83.30 -13.70

Table 7 g-BTS (GSM) to ac-MS at 900MHz (from ECC Report 93 Table 24)

UMTS S00MHz

E_NodeB

Anltenna
Aircraft height Worst case Distance aircraft/ | Pathloss | Gain (dBi) g_Node B Max Rx. Power in Margin
above ground (m) | elevation angle (°) | base station (km) {dB) @48" EIRP (dBm) | aircraft {dBm / ch) {dB)
3000 a8 4.04 103.6 -10.4 22.6 -86.01 -27.99
4000 a8 5.38 106.1 -10.4 22.6 -88.50 -25.50
5000 43 6.73 108.0 10.4 2.6 90.45 2355
6000 48 B.07 109.6 104 26 92.02 21.98
J000 48 9.42 111.0 104 prE] 93.37 20.63
8000 48 10.76 1121 -10.4 226 -84,52 -19.48
2000 48 12.1 113.1 -10.4 226 -85.54 -18.46
10000 a8 13.45 114.1 -10.4 26 | -96.46 _-17.54

Table 8 UMTS g-NodeB to ac-UE at 900MHz
LTE Q00MHz

£_NodeB

Antenna
Barcralt height Warsl case Distance sircralt [ | Path less | Bain j481) e Nede8 | MaxRx. Powerin | Matgin

above ground {m) i sy angle () | biase station (ki) (1) nag" EIRP (dBm) | atreraft (dBm / chi (dB|

3000 48 A04 103.6 -LB4 4118 -67.45 -29,55
4000 48 538 106.3 -1.84 4116 69,94 -27.06
5000 48 673 1080 -1.84 &L16 -711.88 =25.11
&000 ] am 109.6 -1.84 AL 1R ~TL46 -2354
T000 48 a4 111.0 184 &1.16 <7481 21213
8000 a8 10.76 112.1 -1.84 &116 75,96 ~21.04
9000 48 121 113.1 -1.84 41.16 -76.98 -20.02
10000 48 1345 114.1 -1.84 116 77,90 -19.10
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1800MHz (ITU Region 1 & 3)

GAM 1B00MMH 2

Aircraft Waorst | Distance | Max Rx.

height case | aircraft / | Power in

above |elevation base aircraft Margin

ground | angle [%) | station | [dBm/ {uB]
3000 as 4.04 -8L.70 -15.30
4000 A3 5.38 -82.60 -14.40
5000 43 5.73 -83.50 -13,50
L) 48 807 -B4.30 -12.70
7000 48 9.42 -85.00 ~12.00
BOOO 48 10.76 -85.60 -11.40
2000 48 121 -86.10 -10.90
10000 48 1345 -86.50 -10.50

Table 10 g-BTS (GSM) to ac-MS at 1800MHz (from ECC Report 93 Table 24)

UMTS 1B00MHz
g_NodeB
Antenna
farcrs it feight Waorkt case Distance atcrall | Fathloss | Gain (08 | g NodeB | MaxRx fowerin | Margin
sbove ground (m) | stevation sngle (%) | base station (ki) (dB) gt EIRP (UBm) | aircraft (dim / ch) By
3000 a8 4.04 109.6 -10.& 216 -92.03 -21.57
4000 a8 538 1123 -10.4 26 94,52 19,48
5000 48 673 1141 -10.4 2.4 3647 -17.53
6000 48 807 115.6 -10.4 rn -98.0¢ ~15.9%
7000 48 .42 1170 -10.4 226 -a9,19 1461
E000 48 10.76 1183 -10.4 216 -100.54 <1346
9000 48 121 119.2 -10.4 26 -101.56 “12.44
10060 48 13.45 120.1 -10.4 pra] -102.48 -11.52
Table 11 UMTS g-NodeB to ac-UE at 1800MHz
LTE 1800MHz
g_NodeB
Antenna
Alrcraft height Worst case Distance arcraft/ | Pathloss | Gamn (dBl) | g NodeB | MaxRe Powerin | Margin
2bove ground (m) angle (°) | base station (km) (dB) @ag" EIRP (dBm) | aircraft (dBm /[ ch) (day
3000 48 404 1096 ‘1B 4116 <7347 <2353
4000 43 5.38 112.4 B 4116 -75.96 3L
5000 42 6.73 114.1 L34 ALLG -rl.01 -19,00
6000 48 a07 115.6 -1.84 41.16 -78.48 -17.52
7040 3 442 1nra 184 2118 -80.83 -16.17
Boan 48 10.76 118.1 -1.34 4116 -B1.98 -15.02
9000 48 121 118.2 -L34 4116 -B3.00 -14.00
10000 48 1345 120.1 -1.34 41.16 -E392 -13.08
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1900MHz (PCS + Region 2)

GSM 1900MHz

Aircraft | Weorst | Distance | Max Rx.

fieight case | aircraft ) | Power in

sbove |elevation| base aircralt | Margin

ground | angle(®) | station | (dBm / (dB)
3000 43 am ~8L20 | -14.80
4000 ag 5.38 8310 | -13.90
5000 48 6,73 ~B4,00 | -13.00
6000 43 8.07 “BAB0 | -1220
7000 48 9.42 -85.50 | -1L50
8000 43 1076 | -86.10 | -10.90
0000 48 121 86.60 | -10.40
10000 43 1345 -87.00 -10.00

Table 13 g-BTS (GSM) to ac-MS at 1900MHz

UMTS 1000MH

g_NodeB

Antenna
Aircraft height Warst case Distance aircraft / | Path loss | Gain (dRi) g Node B Max Rx. Pawer in Margin
above ground (m) | elevation angle (") | base station (km) {dB) @48" EIRP (dBm) | aircraft (dBm / ch) {dB)
3000 48 4.04 110.1 0.4 16 92.50 21.50
4000 48 5.38 112.6 10.4 2.6 94.99 19.01
5000 48 B./3 1145 0.4 16 96.94 17.06
6000 48 B.07 116.1 -10.4 226 -98.51 -15.49
7000 48 5.42 117.5 -10.4 226 -98.86 -14.14
8000 48 10.76 118.6 -10.4 226 -101.01 -12.99
2000 48 12.1 119.6 -10.4 226 -102.03 -11.97

10000 a8 13.45 1205 | 04 | 26 4105
Table 14 UMTS g-NodeB to ac-UE at 1900MHz
LTE 1900MHz

£_NodeB

Antenna
Aircralt height Worst case Distance aircraft / | Path boss | Gain jdai) 2 NodeB | MaxRx Powerin | Matgin

above ground (mi angle () | base stanon (km) (dB) 8" EIRP (dBm) | sircraft (dBm/ ch) (o8|

3000 48 a4 110.1 ~184 4116 -73.54 +23.06
4000 48 5.38 112.6 S aL.1e -76.43 «20.57
5000 48 673 1145 L84 4116 TR.38 1862
6000 48 a07 116.3 -184 4116 -79.95 -17.05
T000 48 942 117.5 184 4116 -81.30 -15.70
8000 48 n7s 1186 L84 4116 82,45 <1455
2000 48 0y 119.6 <184 24116 -E147 -13.53
10000 48 1345 120.5 184 47.16 -78.39 -18.51
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2100MHz (Region 1&3) - AWS/AWS-4

UMTS 2100MH e
g NodeR
Antenna
Aircraft height Warst case Distance aircraft / | Pathloss | Gain (dBi) g Node B Max Rx. Pawer in Margin
above ground (m) | elevation angle (°) | base station (km) {dB) @ag” EIRP {dBm) | aircraft (dBm [ ch) (dB)
3000 48 4.04 111.0 104 26 93.37 2363
4000 48 3.38 1135 10.4 2.6 95.86 21.14
000 48 B.73 115.4 10.4 26 97 B0 19.20
6000 48 8.07 117.0 -10.4 22.6 -99.38 -17.62
7000 48 9,42 118.3 -10.4 22.6 -100.73 -16.27
8000 48 10.76 119.5 -10.4 22.6 -101.88 -15.12
2000 48 121 120.5 -10.4 2.6 -102.50
10000 48 13.45 121.4 -10.4 22.6 -103.82 -13.18
Table 16 UMTS g-NodeB to ac-UE at 2100MHz
LTE 2100MHz
g MNodeR
Antenna
Aircraft height Worst case Distance aircraft/ | Pathloss | Gain (dBi) | g ModeB | Max Rx. Powerin | Margin
above ground (m) | elevation angle (") | base station (km) (dB) @48" EIRP (dBm) | aircraft (dBm / ch) {dB)
3Joua 48 4.04 111.0 -1.84 41.16 -74.81 -22.19
4000 48 5.38 113.5 -1.84 41.16 -77.30 -19.70
5000 48 B.73 115.4 184 41.16 .24 17.76
6000 48 R.07 117.0 -1.84 41.16 -80.82 -16.18
7000 48 9.42 1183 184 41.16 82.17 14.83
BOUO a8 10.76 119.5 -1.B4 41.16 -83.32 -13.68
G000 48 12.1 120.5 -1.84 41.16 -B4.34 -12.66
10000 48 13.45 121.4 184 47.16 79.26 17.74
Table 17 LTE g-NodeB to ac-UE at 2100MHz
2300MHz (WCS)
LTE 2300MHz
£ NodeB
Antennia
Aircraft height ‘Worsl case Distance aicralt | | Pathloss | Galn dBi) . NodeB | MaeRe Powerin | Margin
anove ground (m) | slevation angle (%) | tsaee station (km) (i) mag* EIRP (Bm) | aireralr (dim / oh) (48}
2000 48 504 1118 L84 AL16 -15.60 ~2140
A000 48 538 114, 184 4116 -78,00 -1891
5000 6.73 116.2 184 41 16 -30.03 -1697
600U 48 an7 117.8 L84 4116 -B1.61 -15.39
7000 48 a4} [§05 | 1.84 2106 -82.96 -14.04
E000 a8 .6 120.3 184 AL16 -£4.11 -12.89
9000 48 12.1 121.3 -1.84 4L.16 -85.13 -11.87
10000 48 13.45 122.2 -1.84 £7.16 -80.05 -16.95
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2600MHz (USA TDD LTE + Region 1&3)

LTE 2600

£_NodeB

Artenna
Alrciaft height Warsl case Distance aircrafl / | Pathloss | Gam (d8i) g Node B Max Poc Power in Margin

zhove ground (m) | elevation angle [7) | base station (km) (dB) @48 EIRP (dBm) | aircraft [d8m [ ch) (dB8)

3000 a8 404 1128 1.84 a1.16 1667 0.33
000 48 538 L15:3 -1.84 £116 7816 17.84
5000 as 673 117.3 -1.84 41.16 -E1.10 -15.90
6000 48 207 L118.8 -184 4116 -B2.63 -14.32
7000 48 942 120.2 -1.84 2116 -B4.02 -12.98
000 48 10,76 121.3 184 4116 8518 11,82
2000 a8 12.1 122.4 -1.84 41.16 -86.20 -10.30
10000 ] 13.45 123.3 -1.84 £7.16 -BL11 -15.89

Table 19 LTE g-NodeB to ac-UE at 2600MHz

For all cellular bands analysed there is a negative margin which indicates that the ac-MS/UE is
capable of receiving a pilot signal from the terrestrial network.

Scenario 2 ac_UE to g NodeB

Table 20 to Table 36 shows ac-UE/MS at full power (i.e., not connected to the onboard system and
commanded to its lowest power state). For GSM ac-MS this is +33 dBm/ch for 800/900MHz,
+30dBm/ch for 1800/1800MHz, for ac-UE for UMTS +21 dBm/ch and +23 dBm/10 MHz for LTE. For
controlled devices used in the E-UTRA Band 1 & 3 these levels reduce to 0dBm, -6dBm and
+8dBm/10MHz for GSM/UMTS and LTE, respectively.

A negative margin indicates that the ac-MS/UE can successfully connect to the terrestrial network
when transmitting at its maximum EIRP. In contrast, a positive margin would show an inability to
connect to the terrestrial network. Although there are some positive margins at higher frequencies,
the tables below demonstrate that ac-MS/UEs must be commanded to their lowest power state to
avoid connections with or interference to the ground network. Regardless of whether an ac-MS/UE
connects the the terrestrial network, its high power transmissions would raise the noise floor far
greater than a controlled ac-MS/UE transmitting at its lowest power state.

700MHz USA LTE
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LTE
LTE JO0OMHz
g_ModeB Reference
Antenna receiver
Hircraft height Worst case Distance aircraft / | Pathloss | Gain (dBi) | ac_UE EIRP Max Rx. Power sensitivity Margin
above ground (m) | elevation angle °) | base station (km) (d8) ag {dBm} g-Node B{dBm / ch}| {dBm/ch) {d8)
3000 a8 4,04 1014 -0.34 23 -B3.77 -101.50 -17.73
000 A8 5.38 103.9 -0.34 23 -86.26 -101.50 -15.24
SO00 a8 6,73 105.9 034 23 -8R.20 -101.50 -13.30
5000 a8 BO7 107.4 -0.34 23 -89.78 -101.50 -11.72
7000 4F .42 108.8 -0.34 23 -91.12 -101.50 -10.38
8000 4R 10.76 100.9 034 2 -92.28 -101.50 -9.22
9000 48 121 1110 -0.34 23 -93.30 -101.50 -8.20
10000 48 12.45 1119 -0.34 23 -94.22 -101.50 -7.28
Table 20 LTE ac-UE to g-NodeB at 700MHz
800MHz ITU Region 1&3 - USA 800MHz
GSM
Max Rx. Reference
Worst case Distance Power receiver
Ajreraly hEght slgyation angle |aircrafy | baas & Node sensitivity | Margin
abidve diound lin) 1 stabion em) | BloBim /S eh) | (@8wJeh) 1d8)
3000 2 4.04 -84.52 ~304.00 -18,48
4000 48 538 -84.52 -104.00 -19.48
5000 48 673 -&4.52 -104.00 -19.48
GOO0 48 8,07 -84.52 ~104.00 -19.43
000 48 9.42 ~31.52 -104.00 -19.48
aooo 48 10,76 -BE4.52 -1D4.00 -19.48
8000 48 12.1 ~£4.52 104,00 -19.43
10000 48 1345 -BAS2 104.00 -19.48
Table 21 GSM ac-MS to g-BTS at 800MHz (derived from Table 25 ECC Report 93)
UmTs BOOMHZ
£_NodeB Reference
Antering Pemiver
Alrcialt reight Warss case Ierance alrcraft f | Path boss | Gain (dB) | sc U BIRP | Max Ry, Pawer w=ndtivitg Maign
above ground (m) | slevationanghe () | base station (k) (L) ey (B} & MNode BldBrm /o) | (dBm/ch} (=]
3000 a8 404 STE) -10.4 21 -4 59 12800 -24.00
Aton a8 538 105.0 -10.4 2| 99,48 -121.00 ~2152
S007 a8 514 1074 104 21 10181 121 00 1958
000 48 R07 1R5 -ind i -103.00 128,00 -10.00
7000 48 a4 LR ] 104 21 -1D4.34 -121.00 -16.66
a000 48 1075 s -lo.a 21 -105.50 -121.00 -15.50
‘9000 43 pra 1maz -10.4 2 -106.5% <121.00 -14.48
10000 48 13.45 134 -10.4 21 -107.58 -120.00 -13.56
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Table 22 UMTS ac-UE to g-NodeB 800MHz




| I I AeroMobhile.
AIRBORNE MOBILE CONNECTIVITY
LTE [ BOOMHZ
£_NodeB Reference
Antenna rcmive
Wrerat height Worst case Distance aireraht | | Pavh loss | Gam @)} | e UE TIRP Was Ms. Power semitiviry IMaigin
above ground (m) | elovation snghe (%) | base station fkm) (dE} waE" dldm) & Nodie Bfdibm £ ehl|  (lm/ch) iy
3000 48 s 1026 .34 13 +84.33 1050 -1657
4000 e 5.38 1051 -0.34 3 -E7A2 ~10L.50 -14.08
5000 a8 673 107 11 -,34 bE] -89.36 0L 50 1114
E000 g 8407 n2e 0,24 b2 “00.94 10150 BT
1000 48 9.42 109.9 0.8 1 928 10150 0.22
8000 a8 W76 uLy -3 73 0384 BE -B.08
9000 48 121 121 -0.34 3 9440 101,50 T8
10000 a8 13.45 1130 .34 3 -95.38 -101 50 642
Table 23 LTE ac-UE to g-NodeB at 800MHz
900MHz (ITU Region 1&3) + SMR USA
GSM
Max Rx. Reference
Warst case Distance Pawer recsiver
Ajrcratt height wlevation angle |aircraft [ hase g-Node sensitivity [ Margin
above grownd {mi [w) station (km) | BlABm /eh) | [Bm/chl (B}
3000 48 4.04 -84.70 -104.00 -8.30
4000 48 5328 -96.90 -104.00 -7.10
S000 48 673 9850 -104.00 -5.50
&000 48 B8.07 -09.80 -104.00 -4.20
7000 a8 5.42 -100.90 -104.00 -3.10
B000 48 10,76 -101.80 -104.00 -2.20
9000 4ag 121 -102.80 -104.00 -1.40
10000 48 13.45 -103.30 -104.00 -0.70
Table 24 GSM ac-MS to g-BTS (from Table 25 ECC Report 93) at 900MHz
UMTS S00MHZ
g_NodeB Reference
Amiering Petaiver
Alreralt ieight Warst case Ierance alrcratt /| Pattibass | Gain (df) | ac UF FIRP an R Pawer Enativity Maign
above ground (m) | elavationangle () | buse station (k) fdf) g (B} #MNode B{dBm /o) | (dBm/ch) [
3000 48 404 1088 -10.4 21 -8 128,00 -22.9%
400 a8 5.38 106.2 -10.4 2 -100.50 -121.00 -2050
ston 48 LS ] 8.9 -1o4 1 10255 -121.00 SR Y
G000 43 a07 s -10.4 i LR -12L.00 -16.96
7000 44 942 ma -10.4 21 -105.37 -121.00 -15.63
an0n a8 1076 (AFS -10.4 24 10653 -121.00 -14 58
9000 48 121 1131 -10.4 n -107 54 -121.00 -13.46
10000 48 13.45 1141 -10.4 21 -108. 46 12000 1254
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Table 25 UMTS ac-UE to g-NodeB 900MHz
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) “I AerolMobile.

AIRBORNE MOBILE CONNECTIVITY

LTE SO0MHZ
£_NodeB Reference
Antenina L
Wreratt heighe Warst rase Distance airorah | | Parh loss | Gam (dBl) | se UETIRP | Max Rs. Power sefmitiviry Maigin
above ground (m) | elovation snghe (%) | base slation fkm) | (dBE} aE" (dlim ) & Nodie Bfdibm £ ebl| (/o) i)
3000 48 40s 1036 188 n #7143 10150 -1405
4000 e 5.33 1041 134 3 5904 10150 -1L56
5000 a8 6,73 1080 <134 % -51.89 -101 58 861
E000 g 807 109.8 <124 b2 3 -03.40 10150 204
1000 48 042 1o 18 n 5431 10150 “6.69
2000 48 076 u2 -1 3 g5.95 -1m =0 5.5
9000 48 121 1131 13 i3 96,98 -101,50 452
10000 48 13.45 1141 -184 3 -57.30 -10L.50 -3.60
Table 26 LTE ac-UE to g-BTS at 900MHz
1800MHz (ITU Region 1 & 3)
GSM
Max Rx Refeisnce
Wort case Distance Power recaives
Areratt height | e / base & Hode sensitivity
stiove ground (] 15l station fim) | BidBm /et | {dBemichl |
000 2 404 -B4.70 -104.00
ABOD aE e B5=0 104,00
S000 AB BF3 -98.50 -104.00
BO00 AL 207 RE 104,00
Fo00 AE 0.4 8 L [aR =T ~104.00
2000 as 10,76 101,80 10200
2000 a8 121 -102.60 -104.00
10000 A8 13.45 -8 30 3. 01
Table 27 GSM ac-MS to g-BTS (from Table 25 ECC Report 93) at 1800MHz
umTs 1B00MHZ
£_Nodef Referance
Antenna receiver
Aurcraft height Waril case Distance aircraft / | Pathloss | Gain [dBI) | e UEEIRP | Max Ra Power sensitiity | Margin
abave grourd (m) | sl 1ihe tave station (km i) awag® (dBim) o Mode BidBm fch) | (dBim/ch) i)
apon a8 LEE ] 109.5 -ina # 1Py -128.00 197
4000 45 518 2 [ITX ] i1 -1.52 1200 ~1e4d
5000 48 w78 141 -104 n -108 47 12800 <1353
a0o0 48 BOy s B »n ST ~12L 00 <10
000 43 9.42 ura <104 n -11139 -12000 8,61
2000 48 e ng1 -10.4 n “1RE54 -12L00 -2A8
000 48 124 1oz -4 Ei - 11556 SLLog -Jas
10000 48 1545 120.1 a4 n 116,43 12100 6,52
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Table 28 UMTS ac-UE to g-NodeB 1800MHz



| I I AeroMobhile.

AIRBORNE MOBILE CONNECTIVITY

LTE 1800MHz
£ Nod=B Relerence
Antenng recever
Aircralt height Waorst gase Distance aircraft/ | Pathioss | Gain(dBi) | ac_UE EIRP | Max Ry Powes sensitivity | Margin
abowe ground (m) | elevation angle (°) | base slatien (b} fan) [ (i) | g-Mode Moo/ el (dBm/eh) o) |
3000 48 hLoe 1EE 334 i3 .97 10150 &53
2000 a8 538 i1 1.3 F RE.A% w50 R-X 0
5000 48 673 1141 BE ¥k} a7y -101.50 -+m
BI00 48 eor 11586 354 n DB.98 “101.50 -2.52
7000 A8 L EH uro ~134 3 -100.33 10150 L7
2000 48 10.7%6 1181 -1 1n -101. 48 -101.50 -oo2
9000 A8 p2 8 1192 -334 P -102.50 -101.50 1.00
10000 48 1345 1201 -1.54 PA) -103.42 -101.50 1.92
Table 29 LTE ac-UE to g-NodeB at 1800MHz
1900MHz (PCS + ITU Region 2)
GsM
Max R Reference
Worst case Distance Pawer receiver
Bireraft hedght elevation angle |airceall f base - Mode sensitivity | Margin
above grouml m) [ station (kni) | BldBm S ch) | (dBm/ch) (dE)
3000 18 404 a5.17 10400 8.83
4000 48 5.38 »2.37 104,00 6.63
S000 as 678 - “ 20100 =5.0%
Bung 48 any -100.27 -1o4.00 -a.73
7000 43 942 -101.37 -104.00 -2.63
B000 43 1026 “10X, 27 -104.00 -1.23
2000 a8 12 -lxsor -104.00 0323
10000 43 1345 ~103.77 104,00 +~0.23
Table 30 GSM ac-MS to g-BTS (derived from Table 25 ECC Report 93) at 1900MHz
UMTS 1500MHz
B_Noded Reference
Anterinia Permiver
Alreralt ielght Warst case Ierance alrcratt /| Pattibass | Gain (W) | ac UF FIRP vlan R Pawer Entivity Maign
above ground (m) | elavationanghe () | buse station (km) {df) mag (B} FMNode B{dBm /o) | (dBm/ch} [
3000 a8 a0e o -10.4 21 104 30 -121.00 -16.50
4000 a8 538 126 -10.4 2 -106.99 -121.00 -1401
ston a8 LS | 18 -1o4 1 -108.94 -12L00 -12.06
G000 43 a07 6.y -10.4 1 -110.51 -12L00 -10.49
7000 48 a4 urs -10.4 n -111.36 -121.00 14
a000 43 10.76 1186 -10.4 2 -1im -121.00 188
‘000 48 123 1196 -10.4 2l -114.03 -131.00 -6.97
L0000 48 15.45 120.5 -10.4 21 -114.95 -120.00 605 |
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Table 31 UMTS ac-UE to g-NodeB 1900MHz
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AIRBORNE MOBILE CONNECTIVITY

LTE [ 1900MHz
£_NodeB Reference
Artenina reciver
Wrerat height Worst case Chstance aireraft ) | Pavh loss | Gain (@) | se UE TIRP Max fis. Powes semitiviry Mzigin
above ground (m) | elovation snghe (%) | base slation fkm) | (dB} aE" dlim) & Nodie Bfdibm £ ehl| (/o) oy
000 48 s 1103 -1.34 13 “fhas ~101.50 -8.05
<000 #8 5.3 126 ~134 13 9593 -101.50 5.57
5000 a8 673 11485 -1.34 PE] -£7.88 -101 50 -3.62
000 4z &7 6.1 134 % 0045 -101,50 20
000 48 D42 urs 1M n 100,80 10050 0.70
2000 a8 e 1186 -1.34 13 -101.95 -1m =0 045
9000 48 2L 118.6 -1.34 Pk} -102.97 -101.50 147
10000 48 13.45 1205 -1.54 3 -105.82 -101 50 139
Table 32 LTE ac-UE to g-NodeB at 1900MHz
2100MHz (ITU Region 1&3) - AWS/AWS-4
umTs 100MHz
2 Nodes Reference
Anteiing [T
Aliciaft reight Warst caie Dlgrance aireratt /| Pathloes | Gain (dBi) | se_UEEIRP | Max Ry. Power sEnaEtivity Margn
abous ground (m) | slevation anghe (") | base station (km) [0 e (dBm) & Node B{dBm / oh) | (dBm/ch) [
3000 ag a4 mao -10.4 21 -105.57 <1200 -15.63
4000 az S.3e s <10.4 21 -107.30 -121.00 <1314
5000 a8 B8 1152 -10.4 21 -100.30 -1210m -11.20
000 a8 B.OT nura -4 2 -111.38 -121.00 -8
7000 48 Q42 nes o4 1 1173 <1210a 83T
8000 a8 1076 1mas -1n.a Pl -113.88 -171.00 213
000 as 121 1205 -10.4 21 -114.90 -121.00 -6
10000 48 15.45 1214 -10,4 l 21 -115.53 -121.00 -518
Table 33 ac-UE to g-NodeB 2100MHz
LTE [ 100MHz
£_NodeB Reference
Antenna receiver
Areratt heignt Worst (a5e Distance aeraht || Parh loss | Gam @l | se UETIRP | Mak fa. Powes semitiviry Iaigin
boae station fkem) | (dB} @naa” liim| & Node Bfdim £ chi|  (diim/ch) i)
4D 1L -184 n “04.81 10150 650
5.33 1135 “184 b 97.30 -101,50 420
673 1154 -13 15 5.4 -101.50 -126
807 uo -124 n -100.32 -101.50 0,68
0.42 1183 18 n 0217 10150 0.6
0,76 1195 -184 3 103.32 -1m.50 1.82
12 1205 18 bE} 10834 -101,50 234
13.45 1214 -134 3 -105.26 -101.50 376

2300MHz (WCS)

Table 34 LTE ac-UE to g-NodeB at 2100MHz

Reviewing FCC website looks like WCS is used for LTE (at least AT&T)
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AIRBORNE MOBILE CONNEC

LTE I 2300MHz
| | &_Nodes | Reference
Antevna feEive
Alreratt helghe Warst rase Distance aireraht | Parh loss | Gam db) | sc_UIE TIRP as s, Power sty Mzigin
above ground im] | elevation snghe (7] | base slation e} (0B} @AE" | jdim) @ Node Ojdtim Fchl|  (lim/ch) LU
000 48 o 1L& ‘184 | 1 A5.50 10150 *5.90
<000 AE 5.33 | L&3 | <134 | 13 95.03 101,50 .41
5000 a8 6,73 116.2 -13 | 1% -100003 -101 50 -1.47
000 42 ga? ure | -1se | 2% 10161 101,50 0.1
1000 48 D42 1931 | 184 i b} | 102.96 wLsp 145
2000 ag n.76 a3 | 184 | 13 -104.31 -0 50 181
2000 48 121 1113 <184 | 13 1513 10150 3,63
10000 as nas { w22 l as | 10605 10150 | ass

Table 35 LTE ac-UE to g-NodeB at 2300MHz

2600MHz (USA TDD LTE + ITU Region 1&3)

LTE | 2600MHz
| | g Nodes | Reference
Antenna eV
Mlrcrat helghe Worst (ase [hstance aircraht | | Parh loss | Gam (edfi) | ac _UETIRP Ian s, Powes sermitivity hzigin
above ground im) | elevation sngle (%] | bese station fm) (dB) [ N {dtim) & Node 8(diim £ chl | (dBm/ch) i)
3000 48 [ 128 184 i n -06.67 -101.50 443
4000 A 5.38 | usaz | 124 | b1} 00.16 10150 234
5000 a8 [ ] | una 134 | bi ] -101.an -1DLED 040
5000 48 £a7 | it | a0 | 0 » A02.68 101,50 118
ELt 48 242 120.2 -184 : n 104,02 10150 152
8000 48 10,76 123 as: | i} 105.18 -101. 50 368
9000 48 2L | 224 | am | 23 -106.20 10150 &m
dooug . 3345 | w3y | s | 10733 b -

Table 36 LTE ac-UE to g-NodeB at 2600MHz

Scenario 3 ac-NCU to g UE/g-MS

Table 37 to Table 53 reviews the connected levels received on the ground in the ac-MS/ac-UE from
the NCU. Note the NCU will not operate in the 1800 MHz band over the United States as there in no
ground network for the ac-MS/UE to receive, but the table is included for completeness. Note also
that the ac-NodeB operates at 12 dB higher power than the ac-NCU at 1880 MHz and 2100 MHz.
The process follows the methodology defined in ECC Report taking the received level in Scenario 1,
radiation factor as defined in Section 7.5.2 in Report 93,2 the medium aircraft attenuation from the
aircraft fuselage 10dB from Table 13 in Report 93 to work out the external EIRP and then using the
path loss to calculate the noise generated in the g-UE/g-MS and the increase in the g-UE noise floor.

Tables 37 to 53 show what increase in noise floor we would expect to see from the NCU on the
aircraft to the g-UE/MS. The ECC decision indicated that a increase of 1dB was the acceptable limit
and we can see that for all bands including the USA we are well within this limit, with the potential
exception of 800 MHz at 3 Km (increase of 1.3dB). The very conservative worst case assumptions
suggest this is not a material issue. Note: GSM numbers are taken directly from ECC Report 93.
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AIRBORNE MOBILE CONNECTIVITY

LTE 700MHz (USA)

LTE g-BT5 TOOMHzZ
Aircraft
attenuation for SyStem Noke Increase in Notse
Aircraft height Worst case Distance sircraft /| Max Rx. Power in | Radiation | leaky feeder | Equivalent EIRP (a5 ot of | Pathboss | Max Rx Nokse by [ Level, refval. | Floor stg UE (wri
sbove ground lm)_| elevation angle (") | base station (km) | aircraft {dBm / chl | factor ) sourcel (B 10MHz) | (d8) | & UE (@Bm/ch) | idBmr10MHz) ref) Bl
3000 48 404 ST B2 10 577 1014 -107.20 -95 .25
4000 45 538 -60.26 62 10 -8.26 1033 -112.18 -85 .08
5000 & ) 5220 62 0 -10.20 1059 -116.06 95 0m
000 48 207 -63.78 B2 10 -1.78 074 -119.22 -95 .02
7000 48 942 -65.12 62 10 -13.12 1088 -121.91 -85 .01
6000 & 076 66,28 62 0 1428 1059 12422 95 am
o000 48 121 -67.30 B2 10 -15.30 110 -126.26 -95 .00
10000 48 1345 -68.22 62 10 -16.22 115 -128.0% -85 0.00
Table 37 ac-NCU to LTE g-UE (700MHz)
800MHz ITU Region 1&3 - USA 800MHz
GSM S00MH2
Ineresse
Aircraft Distance | Max Rx. wystem | in Moise
Tegnt | Worst | sliof 7 | Powes in St Mian e | Noise | Ploorat
ahave o hae | alrtesfy wivmrstinn | Lssvatot EINE (o Wene by | bepel, ol | 2 8
pourd | wiewation | statime | (dBm /) Radiation | fas eaky ehal el | Path e | L ME wal | [wrt e
)| anghe ™ [ R ol ‘ Factar | beedsr (dB) | Idesrnfen) _[eB) | fmmen) | dmmfeh] | (98]
00 Ll sa% 250 L2l 1n -1950 wia | Lo T4 063
A0 - b a0 L] w Ik B0 N Y LdovE 1= win
SU00 it ars | s B 1w Ei% ] wra | 1oy | -as .09
s L R aq7 7820 & w -35.20 wWEN “133 A0 el a5
F000 a8 wa 050 (2] w <2340 1000 Ry 114 (XT3
Enoa 48 n7e au.e0 & w -3750 e tem “114 001
00 “H [FR] &N L2] w <2850 1 RE 14 0oL
Laean 43 1548 330 r L] 10 ELRL 150 143,34 114 0.01
Table 38 ac-NCU to GSM g-UE (800MHz)
I UMTS g UE BOOMHE 1
| [ } dercral
|sttenation far system Naise Increase n Noise.
Al e Wi one | Distace drmall | | Vheo s St v il ey Sewder | Eoumelont 115 lae s o8 | Rt hen | e b by | et vl | P i g UE et |
i | e on wgde P i i | e f o3 | S ] Surned el I g R ] [k reflisite |
E) = 1% Ty & = me =is s m ) i
4000 = 538 A ® = AR wsa et - 0.5 |
| = 2 -l oo - - o
B0 4 a07 =00 & w 20 e 1 4 ae I
7000 a8 a4z T & » aam T -1aa2e 114 nis |
000 " 1076 7250 & 10 ] wLe 15,50 1 a0
=00 s 121 .51 ‘ & ‘ 1 2552 11 1764 114 oo ;
1000 [ 139 s o m anas 110 13941 114 aoy !
Table 39 ac-NCU to UMTS g-UE (800MHz)
LTE g-BT5 BO0MH2
Aircraft
attenuation for system Noke Increase in Notse
Aircraft height Worst case Distance sircraft /| Max Rx. Power in | Radiation | leaky feeder | Equivalent EIRP (a5 ot of | Path boss | Max Rx Nokse by [ Level, refval. | Floor stg UE (wri
sbove ground lm)_| elevation angle (") | base station (km) | aircraft idBm / chl | factor ) sourcel (dBm/A0MHZ) | (d8) | & UE (@Bm/ch) | dBmr10MEz) ref) 0Bl
3000 48 404 5893 B3 10 593 026 -108.52 -95 .19
4000 45 538 -61.42 63 10 -8.42 105.1 -113.49 -85 .06
5000 & ) 4335 (] 0 -10.35 w70 117,38 95 0m
s000 48 a07 64,94 B3 10 -11.94 1086 -120.54 -95 .01
F0a0 48 942 -66.28 63 10 -13.28 1059.3 -123.23 -85 a.01
6000 & 076 744 (] 0 1444 111 -125.54 95 a0
o000 48 121 6836 B3 10 -15.46 nay -127.58 -95 .00
10000 & 1345 6538 63 1 -16.38 130 -129.41 5 a0
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Table 40 ac-NCU to LTE g-UE (800MHz)



AeroMobhile.

AIRBORNE MOBILE CONNECTIVITY

900MHz (ITU Region 1&3) + SMR USA

G5M 900MHz2
Increase
Aircraft Distance | Max Rx. system | in Noise
height Worst | ircraft f | Power in Aireraft MaxRx | Nose | Floorat
above case base | aircraft attenuation | Equivalent EIRP {as MNoise by | Level, ref | g_MS
ground |elevation | station | (dBm/ |Radiation| forleaky ptof source) | Pathloss | g MS val. | (wrtref)
(m) | angle(*) | {km} chj factor | feeder {dB) {dBm/ch} (dB) | {dBm/ch) | {dBm/ch] | (dB]
3000 a8 4.04 -73.50 2] 10 -19.50 1036 -123.11 -114 0.50
4000 48 5.38 -75.90 B4 10 -21.90 106.1 -128.00 -114 0a?
5000 48 6.73 -77.70 64 10 -23.70 108.0 | -131.75 -114 0.07
G000 48 807 -79.20 64 10 -25.20 109.6 -134.82 -114 0.04
7000 48 942 -B0.50 64 o -26.50 1110 | -137.47 -114 0.02
OO0 a8 10.76 -B1.60 B4 10 -27.60 1121 -139.72 -114 0.01
9000 48 12.1 -82.50 64 10 -38,50 131 -141.64 -114 0.0
10000 48 13.45 -83.30 64 10 -29.30 1141 | -143.36 -114 0.01
Table 41 ac-NCU to GSM g-UE (900MHz)
: TS g U [
‘ ‘ ircraht
| stremuation far ytem Noise Increase m Noise
el s Mot | Dhsace sl | | Ve R B e S Sy S | ittt L1 o8 | P b | e B B | o, el o | P g U et
e grount it | oo e 1 | Smse atio Simd | vl i 1) | et ) s e MBS i | U | (e e
] - a4 m-er S - Ay E ST A i ey |
4000 i EE 5 4 =% 3455 w061 14060 A o0t ‘
nom az w2 = [ = aran s a9 us m
00 4% 207 0.0 &= w R0y g e lu 0 ‘
7o) 8 242 a7 L " 3937 i -150.31 -1 am
8300 " 10,76 a5y 64 0 4057 nn -§S2.64 e am
000 18 17 s ‘ & ‘ 10 4154 144 154,68 114 0
10000 s 1448 ot o) B 4dan e | -wes) 414 a0
Table 42 ac-NCU to UMTS g-UE (900MHz)
LT g U 1 o0 WAtz |
| Alrezafy ‘ |
stienuation for svstern Nose Increase in Nolue
P L e B e L e el e e L e
s et )| et e (%) | aet shatic i) | st (0B dan] | twcior | ) B oM | M | g UF Ui | (itain | celEs |
E - da w6 - s 158 e eitl | naz
= " 538 | a0 - i 1584 | e TaL 04 oa
P ik a7 | - - " e | s A i
w00 " w01 | e & 0 1048 | oo 13808 090
TN & 943 | e B » oA ma SETR g noa
o = 1.7e | o B i A | mzr RETE S oo
L s a1 7o 8 J & n B | mzx e | 000
L___good - S LA 1. ) l L1
Table 43 ac-NCU to LTE g-UE (900MHz)
1800MHz

Note: NCU will not operate in this band in the USA only the a-Node B (LTE) or the a-BTS (GSM) will
be operating but all technologies shown for completeness.
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AIRBORNE MOBILE CONNECTIVITY

G5M 1800MHz NCU ac-BTS
Equivalent
Distance | Max fx. Increase in | EIRP fasqt | Max Rx Inerease in
height | Waorst | sircraft / | Powerin sircraft Maxfor | system |Woise Floor | of source) | Moissby | system | Noise Floor
shove | case | base | aircraft attenuation | Equivalent EIRF fas Moise by |Noise Level, | atg WS EUE  [Noise Level | atg UE
ground [ elevation| station | (dBm/ |Radistion| forlesky | meofscwce] | Pathloss| g MS refual | fwrtref] | z)ferac | (dBmfch) | refual | jwrbeef)
im) | angle {°] k) chy factor | feeder (d8) (dBmy'ch) {dB] | (dBm/ch) | {dBmych {dBj MNode | forac-BTS | (dBmfch) B}
3000 48 404 | 8170 70 10 170 186 | -131.33 114 .08 170 | 433 114 0.74
4D 4 538 | -9260 70 10 2260 1121 | 34m 114 n.o4 1260 | M7 114 035
S000 48 673 | -89150 70 10 2350 1141 | 13757 114 ooz 1350 | 12757 114 019
000 48 207 | 8430 70 10 -24.30 1156 | -130.84 114 oot 1430 | 12984 114 011
7000 4 9.4 | -95.00 70 10 -25.00 117.0 | -141.00 114 oot 4500 | 43e 114 0.07
a000 48 1076 | -85.60 70 10 1560 1181 | -143.74 114 0.00 1560 | 13374 114 0.05
4000 48 121 | -850 70 10 2610 1192 | -145.06 114 0.00 610 | 1356 114 0.03
10000 48 13.45 | 8650 70 10 2650 1304 | -146.58 114 0.00 1650 | 3658 114 0.02
Table 44 ac-NCU/ac-NodeB to g-MS (1800MHz)
T gUE Tanoz [ cosen
system
eise
sircrate | Equivsienta® Leves et | ncressen | Equnalent EIRP | bax R Noise Incremsein
son o fas o sousce) val. | Neise Fioor ot | fos profsource) | by UE | system Neise | Noe fisor at
fireratt height Warst case Distance aireraft/ | Max Rx. Powerin |Radiation| lesky feeder | (4Bm/10MHz) for | Patn loss | Max fix Noise by | (68m/10 | g UE wrt ref) | [dBm/10Mbz) | (dBmfch) for | Level, refval. | g UE purt ref)
o growne i) sose station m)| aircroft o ) | factor | gam) e o) | g e e | ) tor ae-Nede noces | (gompromun) | (a8
000 ) 204 T 0 0 a7 8.6 EVERT) ES [ EY ETERT) E3 007
000 8 sa8 7596 n 0 1595 121 208 a5 oo 535 1808 a5 0o
s000 8 on Er n 0 20 1141 anm a5 oo Er 297 a5 001
000 8 P E n 0 108 115 313 a5 oo a8 am13 a5 000
7000 8 sa2 a0 n 0 083 170 s a5 oo -0 B a5 000
000 8 1076 -aca n 0 2198 1181 a2 a5 oo 1108 w12 a5 000
000 . 11 00 0 0 2200 1103 -a136 a5 oo 1200 216 a5 000
10000 a8 110 775 0 0 2.9 101 ) a5 oo Y w00 a5 000
Table 45 ac-NCU/ac-NodeB to UMTS g-UE (1800MHz)
NS g ooz [ wcotes
Bircraft lacrensein | Equivolent ERP | Maxfe oise | system | ncremaein
systemboloe | Noise Floor st [ (ssgtof soureel | by, UE | N Level | Wi Floor
Arcrattnegt | Weomtese | Dstanceaircrafe/ | MaxRxPowerin |Radistion| lesky feeder | Eaunalent EIRPfss gt of | Patrlons | Max e Neisey | Level refusl. | 5 UE (wnrer) (emmchitar | refval |atgUE (ot
i Y st i iy | toctor | ge) i@ | g Ubidich) | amic) ) achode | achoen | @micn) | reniom
3000 [ 404 5201 ™ 0 T s | e ) oot B EFTr [
a0 i 53 a5 n 10 s FEERTN Y 114 o0 5 sk | s oo
som s 603 ey n w0 -7 na1 | asm 1 om w4 ws | s e
oo s o e ) w0 Er uss | s 1 ) mos s | oo
000 @ sar 830 ) w0 -anis wo | asew ) e ) TP oo
oo s 07 005 n w0 -a0se ne1 | ases 14 om anse ees | us oo
s s 1 0156 ) w0 156 naz | sam 1 ) s s | s i
10000 © e e n w0 a8 oy | e 114 om0 - amss | oo
Table 46 ac-NCU/ac-NodeB to LTE g-UE (1800MHz)
1900MHz (PCS + Region 2)
GEM 1000MHz
Ircresse
Aircraft Distance | Max Rx. in Moise
Smigiin Wienar | ivcraly [ | Sower i Alveraly Arax Rx Flasian
ahive P lease airrrafl allermation | Tavivalend EI0F {on Niise by M
wound | elevalion | sation | (0Bm/ |Radlation| bor lesty ot of sourcef Pathloss | 2 MS fwert ref]
| argls ) [0 o) Lactigy | Bt (it0) | (/i) 10 {biinedy) fny
3000 48 404 5.2 by ] 1 -21.20 1ol -331.30 o.o8
Ao aE 558 &L n 1a -22.an mia BALY ) b.oa
S000 48 673 4,00 71 1 -23.00 1343 | -13754 0.02
B000 48 haov B+ A0 kil 10 ~23.80 (21-%% <130.81 n.o1
Jooo a8 u.4a2 -85.50 n 1a -24.30 11y -Ja198 .o
Ao AR 10 -&.10 n 1 2530 nes | aen .00
8OO0 A8 1 86,60 i} 1 -25.60 119.6 | -345.23 .00
L1000 46 1345 | §/.00 7 10 26.00 1365 | -346.55 0oo |
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UMTS g-UE 1500MHz
Arcraft
[attenuation for system Noise | Increase in Nolse
aircraft height Worst case | Distance aircraft/ | Miax R, Powerin [Radiation | leaky feeder | Equivalent EIRP {35 ptof | Path loss | Max RNowe by | Level refusl. | Floor at @ UE (wrt
above ground (m) | elevation angle () | base station (km) | aircsaft (dBm / ch) | factor ) source] (dBmfch) {dB] | g VE {dBmych) (dBm/en) ref) (dB)
3000 8 408 92,50 7 1 110.1 14161 0ol
4000 48 5.38 64,95 n 10 -33.99 126 114 0
5000 48 673 -95.94 7 10 35,94 1145 114 0o
5000 48 BO7 -58.51 7 10 -37.51 1151 114 0
7000 48 042 -99.86 7 0 -38.86 175 114 0
8000 48 10.76 10101 n 10 -40.01 186 14 00a
5000 48 121 102,03 n 0 4L03 1195 114 0
10090 48 1345 10295 7 10 4195 1205 114 0o
Table 48 a-NCU to UMTS g-UE (1900MHz)
LTE g UE 1900MHz
Aircraft
attenuation for system Nobe | Increase in Noise
ircraft helght Worstcase | Distance sircraft /| Max Rix, Powerin |Radistion| leaky feeder | Equivalent EIRP (as ot of | Path koss | Max Ri Noise by | Level, refval. | Floor stg UE wri
absewe ground (m) | slevation angle () | Dase statien (k) | alrcraft {dgm [oh) | factor (8) source) ([dBr/10MHz) (d8) | g E ([@Bmich) | (dBmM/1OMH?Z) ref) (98]
3000 < 204 7354 L [ 1254 1305 5 001
4000 £ 538 7643 i 10 1543 -128.02 a5 a0
5000 £ 673 7838 i bo) 1738 13191 a5 a0
000 & 207 7995 i 1 -18.55 -135.07 S 000
7000 £ 942 -81.30 i 10 2030 137,75 a5 a0
000 & 0.75 8245 ki1 0 2145 -140.06 a5 a0
9000 =& 121 8347 i bG) 2247 -192.10 95 000
10000 48 1345 7833 m i) 1733 13734 35 a0
Table 49 a-NCU to LTE g-UE (1900MHz)
2100MHz (Region 1&3) - AWS/AWS-4
UNTS gUE 2100MH2
Arcraft
|attenuation for system Noise | Increase in Nolse
ircraft heignt Worst case Distance aircraft/ | Max R Powerin  [Radiation | leaky feeder | Equivalent EIRP (a5 pt of | Path loss | Max R Nowe by | Level sefval. | Floos at g UE (wrt
showe ground im) | elevation angle [°) | base station (k) | sirceaft (d8m / ch | factor 18} source] (damfch) {081 | & UE {dBan/ch] (dBm/ch ref] (dB)
3000 48 404 3,37 7 0 3237 1110 i ool
4000 48 538 -95.56 7 0 34,86 1135 -7 00a
5000 48 673 67,80 n 10 -36.80 1154 Eit) 0
5900 48 w07 -99.38 7 0 38,38 170 7 0o
7000 48 542 -100.73 n 10 3973 1183 -7 00d
2000 48 1076 10185 n 0 40,85 195 - 0
5000 48 121 102.90 7 0 4190 1205 -7 00a
10090 48 1345 103,82 n 10 42,82 1214 7 0w
Table 50 a-NCU to UMTS g-UE (2100MHz)
LTE p-UE 2100MHE
Awvcraft
far, system Noke | Increase in Nose
Aircraft height Worst case Distance sircraft /| Max Rx. Power in | Radiation | leaky feeder | Equivalent EIRP (5 ot of | Pathloss | Max Rx Nokse by [ Level, refval. | Floor stg UE (wri
above ground [m)_| elevation angle (°) | base station (km) | alrcraft {dBm [ chl | factor (dB) source] ([dBm/10MHz) (dB) | g UE (dBm/ch) | (dBm/10MHz) raf) {8}
3000 =& a0 B i 0 1351 1110 12478 a5 a0
000 =& 538 773 i fG) -16.30 135 12978 o5 000
5000 £ 673 -79.24 i 10 -18.24 154 -133.65 35 a0
G000 & a7 -a0.62 i1 n 1582 1o -136.80 95 a0
7000 £ 982 17 i Eo) 2117 1s3 139,48 a5 000
8000 & 1076 #3132 i 0 ErE) 1ss -141.80 K 000
9000 £ 121 8434 m 10 2334 1205 143,84 a5 a0
10000 s 1345 7926 i} 0] -18.25 1214 13968 95 000

2300MHz (WCS)
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[ AT g J300MHL
| | Aircsate
attenustion for| syatem Noise | Incresse in Nolve
s o Worgcmm | DiAnce svowl ) | Ve R Sowe | Rasarioe | iy bentes | Fasir €157 o gt of | Furties (Wsemx ficn iy | L, el Flser W1 UE ot
| b gt )| ehemaiticn smgie ) } e i ) | aersll e f ] | Ve | )| s o L (o sel) sy
o - Lia TS " | m | 18] +* &
- L 538 TR0 L2 1w 1e08 1143 ] 00G
Sk a an .08 1 1 i 163 # i
a0 1 Y #1.04 n 0 1800 urs e 000
o 04 w296 n n ms T w nm
00 aE 0. LS rn W wn o3 a1 caa
L) L w1 B I n FiSE] e 5 09
10000 i 1643 -85 n 1] 1845 | w2 | | 0w
Table 52 a-NCU to LTE g-UE (2300MHz)
2600MHz (USA TDD LTE + Region 1&3)
LTE g UE Z600MHE
Aircrafi
sttenuation for system Nokse | Increase In Noise
ircraft helght Worstcase | Distance sirceaft /| Max R, Powerin |Radiation| leaky feeder | Eguivalent EIRP (as ot of | Path loss | Max Rs Noise by | Level, refval. | Floor atg UE (wri
sbove ground m)_| slevation angle (") | base station (km) | aircraft dm /ch) | factor 5} sourcel (B 10MHz) | (dB) | g UE ([dBmich) | (dBm/1omb) ref) {dB)
3000 204 7560 73 10 BTN 1116 12436 EQ 001
4000 48 5,38 78.09 73 10 15.09 114.3 129,34 95 .00
5000 45 673 -80.03 73 10 -17.03 116.2 -133.23 -85 .00
5000 48 aa7 -81.61 73 10 -18.61 -136.38 -85 .00
000 48 992 82.96 73 10 19.96 139.07 95 .00
B0OD 45 10.76 -84.11 73 10 -21.11 -141.38 -85 .00
090 = 121 8513 73 0 2213 143,42 a5 a0
10000 48 1345 80.05 73 10 17.05 139.26 95 .00

US Specific Scenarios A-D

Table 53 ac-NCU to LTE g-UE (2600MHz)

The follow analysis covers the very specific aspects of the ASS using the E-UTRA Band 1 & 3

overflying the USA. Please refer to Figure 2 for Scenario definitions.

USA Scenario A

Error! Reference source not found.This assessment shows that that controlled ac-MS/UEs onboard

will not affect the g-UE/MS receiver because there is always a positive margin of at least 4 and 9dB

for UMTS and LTE, respectively, at the very lowest altitude.
indicates that the g-UE could receive a signal from the on-board NCU/ac-NodeB. Thus, the positive

As previously, a negative margin

margins demonstrate that the g-UE/MS will not be adversely affected by controlled ac-UE/MS

transmissions.
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UMTS 1900MHz
Reference
receiver
Alreralt height Distance aircraft / | Pathioss | Antenna | ac_UEEIRP | Max®x. Powes in wEnEIvity Margin
above ground (m)] | base station (km) (dB) Gain (dBi) {dBm) aircraft (dBm / chi (dBrm/ch) \dB)
3000 3 .S ] -6 11852 -114.00 452
anoo 4 110.0 o - -121,02 11300 7.02
S000 5 1120 0 -6 -122.9% -114.00 885
6000 & 1135 ] -6 12434 114.00 10.54
Jouo F 1148 o -6 -125.88 -114.00 1188
BOOD 8 116.0 0 ] -127.04 -114.00 13.04
9000 9 137.1 a -6 -128.06 -114.00 14,06
10000 10 1180 1] -6 -128.98 -11a4.00 1498
Table 54 ac-UE Tx (1920-1980) -> g-UE Rx (1930-1980) Scenario A
1900MHz
Reference
receiver
Alncialt height Distance sirciaft /| Path loss Amntenna | ac_UE EIRP | Max Rx. Power in s=nsilivity Margin
above groupd (m) | base station (ki B} Gain (B} (o8 awrcrah (d8m / ch) (dBm/ch) (B}
3000 3 107.5 a B -104.52 -95.00 5.52
4000 4 110.0 a 8 -107.02 0500 1202
5600 5 112.0 Q B8 -108 35 -95.00 1395
G000 6 1135 ] 8 -110,54 -85.00 15.5a
7000 7 1149 a B -111.88 95,00 1688
8000 3 116.0 ] 3 -113.04 -95.00 18.04
9000 9 117.1 a a 11406 9500 19.06
10000 10 113.0 a 8 -11498 -8500 19.98

Table 55 ac-UE LTE Tx (1920-1980) -> g-UE Rx (1930-1980) Scenario A

The analysis indicates that there is no impact on the terrestrial network for Scenario A.

USA Scenario B

This assessment Error! Reference source not found.Error! Reference source not found.covers the a-

NodeB (LTE) /ac-BTS (GSM) transmitting on the aircraft to the g-NodeB/BTS Receiver due to the
overlaps of the 1800MHz with the USA bands with negligible increase in the g-BTS/g-Node Noise
floor. Note: UMTS added for completeness. For Scenario B, we use the same threshold of 1 dB

increase in noise floor to indicate an unacceptable level of interference on the ground network. —

NCU powers only.
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G5SM 1800MHz
Increase
Airrraft Distanee | Max Rz, Equivalen system | in Nioise
Telght Weaisl | alieiaf /| Pawer in Alleralt AB1S | EIRF A ) MagRe | Noise | Hood sl
Al diihe Band | abital wllenualicn | Maggn | af s} G5 | Naise Ty | Level inf | g 0TS
grauiid |elevation | stalion | [dBm/ |Redialion| foibsaby | abowe | (dBa'ch) | Palhloss | Adlenna | g BTS wat ik refl
(m} | sngle() | fem) ch) tactor | fesderidB) | NCU | for=RTS | (dB) | Gain | (dBm/eh)| (Bm/ch)| (4B}
3000 AE 404 =81.70 i i m <1170 109.6 <104 “13L.T2 -118 oo7
A000 A& 538 -R2.60 T n i <060 12y <104 -13112 =118 oos
5000 ag 673 -B1.50 7o 10 10 -1150 143 -104& | -135e7 -11&8 ool
L a8 B3 -64.30 7O 10 10 1230 115.6 10& | (13854 -112 ooz
un 4B 9.42 -85.00 E) 10 1 -13.00 ury 104 140,59 -11% nox
aonu 48 e -85.80 rn 1] 1] -13.60 e -ins -182. 14 “11s oo
G000 a8 13 860 n 1o 0 a0 1162 wa 143 66 11 oo
106000 a8 1845 | -B6.50 0 1 1 1450 1203 ma 184 98 e oo
Table 56 ac-BTS to g-BTS 1800MHz
umMTS 1B00MHz
Equivalent Increase
Aireraft Digtanre | Max R, EIRP (a0 system | in Noise
helght | Werst | alieiaf / | Power in Adveialt of seurie) MaxRe | Noise | Hood sl
i dile Dnd aniiall allenualion il s i WIS | Nose iy | bevnl ief | @ 0TS
Erouid |=levation | station | [dBm/ |Rediation] foilssky |o-NodeB| lorar- | Palhloss | Adlenna | g BTS wal wrk refl
fm) | sngle("} | (k) ch) factor | fesder 18} | Maigin | Node i) Galn__| [dBm/ch) | (dBmfch)|  (4B)
3000 A8 A 8233 n 1w a -2203 106 L84 | -13351 | an 024
Aoaag A8 538 -84.52 n m a 53 12y L3t | -l3adE | a1 008
5000 48 673 -86.47 70 10 10 -16,47 1141 ‘184 | -l4257 | -1n L]
/000 48 8.7 -58.08 n 10 10 28,08 1156 188 | 14553 121 ooz
jung a8 9.42 -99.39 70 1w 1 4939 uru -184 =0 2 noy
2000 48 nre 100,54 n 1) 1] -30.54 ne?: BE_ -150.53 -1 oo
ap00 a8 121 10156 m 1] 1] 31 58 1ne; 184 15256 21 oo
10000 48 1345 107 28 m 1 L[] 3% 48 1203 1834 15440 121 nog
Table 57 ac-NodeB to g-NodeB
LTE 1800MHz
Increase
Airrraft Distanre | Max Ry, system | in Noise
felght | Wiisl | aliedaf /| Power in Alicralt EGuivalent MagRe | Noise | Hood ol
Al A LT wiiial allenudlion EIRP [as @1 HOIS | Noise iy | beval iet | 4 BIS
Eraulid |elevation | staton | [dBmd |Redialion| fofbeaky |s-Nodef| of source) | Puthloss | Adlenna | g BTS wat ik refl
im} | angle(") |  (um) ch) fartor | femderidB) | Margi | {dBm/ch) (48} Galn__| [dBm/ch) | (dBmjfch) |  (dB)
3000 aE Ana ~TLAT n P18 o 347 109.6 L34 <11495 | <015 nia
A AE 338 <1590 T an (1] -5.96 1z <134 | -l1992 | <1015 nns
S000 a8 673 -7781 7o 10 10 791 141 -led | -12381 | -1015 0os
w000 a8 B.07 -79.48 TO 10 10 -0.48 115.6 184 126,97 s oo
o 48 .42 -80.83 L) 1 -10.83 ury 184 12985 015 oo
auuu 48 e -81.98 w 1 1) -11as ney “184 -13196 | -A1s oo
oo aE pT A § -BE00 m 1o 1] 1300 160} 1384 13400 ms 0.o0
10000 a8 184% -B3.97 m a0 L] 1393 1201 1384 13584 1w oo

Table 58 ac-NodeB LTE to g-NodeB (LTE)

For Scenario B we can conclude that there is no impact on the terrestrial network.
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USA Scenario C

As AeroMobile is not aware of the technologies used in the US Federal band, this assessment strives
to calculate the pfd that would be received on the ground measured in 10 MHzError! Reference
source not found.Error! Reference source not found.. This assumes path loss as the height of the
aircraft and_no attenuation from the aircraft fuselage so it very much worst case.

Scenario C1

Addresses ac-NodeB/BTS TX (operating in the 1805-1880MHz) -> US Fed RX(1805-1850MHz).

GSM 1800MHz

Aircraft | Distance | Max Rx.

height | aircraft/ | Power in ac_Node B
above base aircraft pfd on

ground | station | (dBm/ [ Path loss |ground(dBm/

(m) (km) 10MHz (dB) 10MHz)

3000 3 -38.28 107.0 -145.32
4000 4 -35.18 109.5 -148.72
5000 5 -40.08 111.5 -151.56
6000 6 -40.38 113.1 -153.94
7000 7 -41.58 114.4 -155.98
8000 8 -42.18 115.6 -157.74
9000 9 -42.68 116.6 -159.27
10000 10 -43.08 117.5 -160.58

Table 59 ac-BTS GSM TX (operating in the 1805-1880MHz) -> US Fed RX (1805-1850MHz) on Ground (Scenario C.1)

umis 1EOOMHz

Ajrcraft | Distance

height aircraft / | Equivalent EIRF ac_Node B
above base las gt of pfd on

ground station zlre=) Path lom | ground(dBm

{m) (L] (B 10M ML) (df) SLOMHe)

3000 3 36.19 7.0 =143,24
ADpa a -38.68 109.5 -1a8.2z
5000 5 -40e2 1115 152.11
BO00 5 -82.20 113.1 -155.27
000 ? -33.54 114.4 157.95
8000 & -&4.70 115.6 “160.27
000 - ] -as5.72 116.6 -162.31
1000 10 -36.64 117.5 -164.14

Table 60 ac-NodeB UMTS TX (operating in the 1805-1880MHz) -> US Fed RX(1805-1850MHz) on Ground (Scenario C.1)
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LTE 1B00OMHz

Ajrcraft | Distance | Max Rx.

height | aircraft / | Power in ac_Node B
above hase alreraft old an

ground | station | (dBm/ | Pathloss | ground{dBm/
\m) (km) ch) (dB) 10MH2)
3000 3 -13,87 107.0 ~-12052
4000 4 -15.96 109.% -125.51
5000 5 -17.91 111.5 -129.39
000 & 19,48 1131 «13255
7000 7 -20.83 114.4 -135.23
BOOD a8 -21,98 115.6 -137.55
9000 9 -23.00 116.6 -139.59
10000 10 -17.92 117.5 -135.43

Table 61 ac-NodeB LTE TX (operating in the 1805-1880MHz) -> US Fed RX(1805-1850MHz) PFD on Ground (Scenario C.1)

Scenario C2

Addresses ac-UE/MS TX (operating in the 1755-1785MHz) -> US Fed RX (1755-1785MHz). Note:
Added UMTS for completeness.

M 1700MHz
Ajrcraft | Distance
height | aircraft / ac_Ms pfd
ahove base on
gound | station | Pathloes | ac UE EIRP  |ground(dBem
i) (km) (L] (dBmi| J10MHz)
3000 3 106.6 o -128.13
000 4 109.1 0 130,63
5000 s 1180 o -13256
B0OO <] 1126 o -134.15
7000 7§ 113.9 o -135.49
BOOO a8 115.1 1] -136.65
5000 9 116.1 o -137.8F
10600 10 117.0 o -13858

Table 62 ac-MS GSM TX (operating in the 1755-1785MHz) -> US Fed RX (1755-1785MHz) PFD (Scenario C.2)
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UMTS 17D0MHz
Ajrcraft | Distance Reference ac_UE pfd
height | aircraft / receiver an
abave base |Pathloss | sensitivity |ground{dBm
ground | statlan (dlE) (dBm/eh) /10MHz)
3000 3 106.6 .00 -116.71
4p00 4 108.1 -0.00 -118,21
5000 5 1115 -6.00 -121.64
al00 & 1131 600 123,23
7000 7’ 114.4 -6.00 -124.56
8000 a 115.6 -6.00 -125.72
2000 9 116.6 -6.00 -126.75
10000 10 1175 -6.00 -127.66

Table 63 ac-UE UMTS TX (operating in the 1755-1785MHz) -> US Fed RX (1755-1785MHz) PFD (Scenario C.2)

LTE 1700MHz

Aireraft | Distance

height | aircraft / ac_UE at_UE pfdon
above base |Pathloss | EIRP | gound(dBm/10M

ground | station (dB) (dBm) M)
3000 3 106.6 3 -106.56
4000 4 109.1 8 -109.06
5000 5 111.0 3 -111.00
6000 ] 112.6 8 -112.58
000 7 1139 & -113.92
2000 8 115.1 2 -115.08
B000 9 116.1 2 -116.10
10000 10 117.0 & -117.02

Table 64 ac-UE/MS LTE TX (operating in the 1755-1785MHz) -> US Fed RX (1755-1785MHz) PDF (Scenario C.2)

Scenario D

Scenario D is similar to Scenario 2 in that it involves the ac-UE/MS to g-NodeB case, but involves
controlled rather than uncontrolled transmissions from ac-UE/MS devices.

umMTs 1700MHe a-LIE
Reference
receiver
Aircraft height Distance aircraft/ | Pathloss Antenna | ac_UE EIRP | Max Ry Power in sensitivity Margin
above ground (m)_| base station (km] | [dB) Gain [dBi) [dBrn) aircraft (dBm / ch) |  {dBm/ch) 1dB) |
3000 3 106.6 ] -6 -117.55 -114.00 3.55
4000 4 109.1 o -6 -120.05 114.00 5.05
S000 5 1110 o -6 -121.99 -114.00 7.99
G000 6 1126 o -6 -123.57 ~114.00 9.57
7000 7 1139 o -6 -124.91 -114.00 1091
BOOD B 115.1 o -6 -126.07 -114.00 12.07
9000 9 116.1 o -6 -127.09 -114.00 13.09
10000 10 117.0 o -6 128,01 -114.00 14.01

Table 65 ac-UE (UMTS) to g-Node B (ac-UE Controlled Power)
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LTE 1700MHz 8-UE
Reterence
receiver
Aircraft height Distance aircraft/ | Pathloss | Antenna | ac_UE EIRP | MaxRx Powerin | sensitivity | Margin
above ground (m) | base station fkm) (dB) Gain (dBi) (dBm) | aircraft (@Bm/ ch) | (dBm/ch) (da)
3000 i 106.6 o [] -103.55 9500 | B55
4000 4 109.1 ] 8 -106.05 9500 | 1005
5000 5 1.0 1] -3 107.99 55.00 1299
G000 [} 112.6 o 8 109.57 95.00 _ 14.57
7000 7 113.9 0 2 110,91 95.00 | 1591
000 8 115.1 o 8 -112.07 9500 | 17.07
9000 ] 116.1 ] 8 -113.08 9500 | 1809
10000 10 117.0 0 8 -114.01 55,00 ' 19.01
Table 66 ac-UE (LTE) to g-NodeB ( ac-UE Controlled Power)
G5M 1700MHz a-M5
Aircraft | Distance
height | aircraft / Reference
above base ac_MS |Max Rx. Power| receiver
ground | station | Path loss | Antenna FIRP in aircraft sensitivity | Margin
(m) (k) (R} |Gain (d8i}| (dBm) | (dBm/ch) | (dBmfch) | (dR)
el 3 106.6 0 a =-111.55 -102.00 9.55
4000 4 109.1 0 o 114.05 102.00 1205
5000 3 111.0 0 o 11599 102.00 13.99
BODD -] 1126 0 o 117.57 102.00 15.57
7000 7 113.9 0 4] -118.91 -102.00 16.91
BOOD 8 1i5.1 0 Q -120.07 -102.00 18.07
5000 9 116.1 1] 0 -121.08 -102.00 15.09
10000 10 117.0 1] o -122.01 -102.00 20.01
Table 67 ac-MS (GSM) to g-BTS ( ac-MS Controlled Power)
Conclusions

ECC Report 93 (2006) for GSM onboard was produced in the 2003-2006 time frame with the
participation from operators, regulators, equipment manufactures and industry experts. The
methodology used in this work formed the foundation for ECC Report 93 (2008) addressing newer
frequency bands required for the NCU and later ECC Report 48/187 for LTE and 3G connectivity.

The analysis set forth in this document, which is based on prior ECC approaches, has examined
additional NCU control bands to be used in the USA and demonstrated that only modest
adjustments would need to be made (e.g., differences due to propagation path losses reduced by
1.1dB from the 800MHz to the USA 700MHz LTE and increased by approx 0.5dB from the 1800MHz
to 1900MHz) to enable application of existing approach to AAS operations in the United States.

AeroMobile submits this report as supporting evidence that operation in the existing E-UTRA Band 3
(for GSM/UMTS and LTE) and E-UTRA Band 1 (for LTE and UMTS) would not interfere with any
ground mobile network in the United States. Calculation of the pfd in the USA Federal band has also
been completed. AeroMobile will work with the appropriate USG authorities to assess whether this
pfd would cause any issues for government operations in the band.
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